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v Crystals of pyrite 
from Rio Marina on 
the island of Elba, 
off the Italian 
coast. 


Although a common mineral, 
pyrite - also known as ‘fool's 
gold' - has a fascinating 
<=" history. Brittle, and poisonous 
when heated, it requires care in its 
many uses. 


‘fire’. This is a reference to the way it can be 

used to make sparks when struck with steel. 
The Ancient Greeks used it to start fires. When 
gunpowder was invented in the 16th century, pyrite 
was an essential part of the mechanism of early 
firearms. It was fragile, however, and was later replaced 
by flint, which was more reliable in life-or-death 
situations. With its shiny bright appearance, pyrite 
often deceives inexperienced prospectors into Pyrite is made up of the elements iron and sulphur. 
believing it is gold. Because pyrite contains iron, which can be extracted 

using a heat treatment, it has been used for the 

The great pretender manufacture of steel, although this is not a very 
The old saying that ‘the streets of London are paved important use. The sulphur in pyrite, however, is 
with gold’ is believed to come from the flecks of iron important in the manufacture of sulphuric acid, which 
pyrite that can be seen in the pavements, and which in turn is used in petroleum refining, as well as in the 
shine like gold in the sunlight. Similarly, the ‘golden’ manufacture of fertilisers, paint and explosives. 
particles that glisten in the brilliant blue gemstone Pyrite can take different shapes and forms, from 
lapis lazuli are also plain pyrite. the massive nodules found in coal, to tiny sparkling 


| jus takes its name from the Greek pyr, meaning 


ORIGINS (Gas 


Pyrite is one of the Earth's most 
common minerals and occurs 
in many different geological 
environments. One way that it 
is formed is from hydrothermal 
fluids (mainly water), which are 
rich in chemicals, left over from 
igneous activity. As the fluids, 
buried deep in the Earth's 
crust, rise and cool, the 
minerals (including pyrite) are 
precipitated. These fluids often 
seep into cracks in crystal rocks 

such as marble, so that veins of 
minerals are formed. 


<4 A pyrite mirror, dating from the 
14th century AD, made by the 
Toltec people of Mexico. 


im R -wiii 
A Eight-sided crystals from the Traversella mine, 
Piedmont, Italy. 


crystals. It can also be 
found in kidney shapes, in 
the form of a stalactite, or 
shaped like a bunch of 
grapes. The surfaces of the 
pyrite crystals are often 
striated in appearance. 

As one of the world's 
most widespread minerals, 
pyrite is liable to occur 
almost anywhere, and 
collectors are quite likely 
to come across it on their 
mineral hunting trips. 

Pyrite is especially 
common in slate, where 
it often forms very 
attractive crystals. In rocks 
where fossils have formed, 
the fossils are often 
replaced by pyrite. 


Testing for pyrite 


If you discover a specimen that you think may be 


FACT FILE 
PYRITE 


Group: Sulphides 

Crystal system: Cubic 
Habit: Cubes, pyritohedra, 
octahedra, or combinations 
of these forms 

Chemical formula: FeS; 
Hardness: 67 

Density: 5 

Cleavage: None 

Fracture: Shell-like 
(conchoidal) to uneven 


Colour: Brassy yellow 
Streak: Black/greenish- 
black 

Lustre: Metallic 
Fluorescence: Absent 


pyrite, the test is to strike it with a hard metal object 
to see if it gives off a spark. Genuine pyrite also melts 
quite easily when held over a flame, but it should 
never be heated indoors, because it emits poisonous 


sulphur dioxide gas. 


Pyrite is brittle as well as sensitive to heat, therefore 
you must be particularly careful when polishing or 
cutting it, to avoid damaging the mineral. 


TE 


The chemical name for pyrite is iron sulphide. It 

has some similarities to gold, in particular its brassy 
yellow colour and metallic sheen. Unlike gold, pyrite 
is hard and it makes a greenish-black streak when it 
is rubbed across a piece of unglazed white porcelain. 
In addition, it cannot be scratched with a penknife, 
while the softer gold is more easily marked. 

A major difference between the two is that pyrite 
changes form when it comes into contact with 
water. In humid environments, for example, the 
sulphur in the pyrite can react with water to form 
sulphuric acid and other chemical compounds. For 
this reason, it should be kept in a dry place and never 
washed with water - particularly not warm water, as 
the reaction also needs heat. 

Pyrite burns with a bluish flame and gives off a 
strong sulphurous smell. 

Pyrite crystals are usually cube-shaped, but they 
sometimes have eight or twelve sides. ‘Twinning’ 
is also common in pyrite. This is said to have 
happened when two or more crystals of the same 
mineral share a common surface and grow out from 
this surface. 

A Cubic crystals from Navajun in Spain. 


Rose quartz is an uncommon 
/ form of quartz that is often 
used in necklaces and other 
ornaments. It occurs as rare gem-quality 
crystals and as shapeless specimens. 
D in colour from pink through to peach. It gets 
its beautiful colouring from the traces of 
titanium or manganese that are present within the 
crystal structure of the mineral. This rose-coloured 
variety of quartz is regarded as too valuable to be put 
to any of the mineral's normal industrial uses — as an 
abrasive or parts of a clock mechanism, for example. 
Instead, rose quartz is set aside to be made into 


beautiful carved ornaments and highly attractive 
decorative jewellery. 


espite its name, rose quartz can in fact range 


Rare crystals 

Single crystals of rose quartz are extremely rare. They 
are usually opaque or translucent, and look their best 
when carved into rounded forms. 

‘Transparent rose quartz is also very rare. Rose 
quartz is usually found as cloudy or cracked 
specimens, flaws which make this form of quartz 
rather brittle. 


ROSE QUARTZ 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 

Fracture: Conchoidal to uneven 
Colour: Rose, pink, peach 
Streak: White 

Lustre: Vitreous 

Fluorescence: Yellow, not frequent 


' GEMSTONES 


A An almost transparent crystalline mass of rose quartz. 


Rose quartz usually occurs as shapeless specimens 
which are then carved by craftsmen or cut in domed 
shapes called cabochons or tumbled into beads that 
are used in necklaces. Some rose quartz crystals that 
have been cut in cabochons may then show a 
pronounced and attractive starlike effect (asterism). 

Rose quartz is often used for intaglios of 
various types. (An intaglio is a seal or gemstone 
that has been ornamented with a sunken design. 

A design with ornamentation that stands out in 
relief is called a cameo.) 


Quartz crystals 
Quartz crystals may have a trigonal pyramid on one 
side or the other of their prism faces, together with 


CHARACTERISTICS 


Rose quartz is a member of the oxide group 

of minerals. It is an oxide of silicon, and it gets 

its distinctive colour from impurities of titanium or 
manganese contained in the crystal structure. If 
there were no impurities, the quartz would be 
perfectly colourless rock crystal. 

Rose quartz is generally opaque or slightly 
translucent, and both effects are caused by the 
presence of fractures within the crystal. This means 
that rose quartz that is completely transparent is 
extremely rare. 

Quartz itself is made up of silicon and oxygen, two 
of the most abundant elements on Earth. Quartz is 
stable at temperatures of up to 573*C. Rose quartz is 
hard and has a glassy sheen (vitreous lustre). 
Although quartz has many colour varieties, when 
powdered on an unglazed tile it always produces the 
same white-coloured streak. 
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stripes (striations) that slope across their surface. Such 
crystals are said to be ‘left-handed’ or ‘right-handed’, 
depending on the direction of the slope and the 
position of the pyramids. 


Treatment 

Quartz can be cleaned with warm hydrochloric acid. 
Hydrofluoric acid should not be used because it will 
eat into the surface of the mineral. Quartz should 
never be cooled quickly, in case it cracks. All forms of 
quartz are susceptible to cracking, and so they must be 
worked with special care. 


History 

Many ancient examples of rose quartz used by man 
have been found. It is believed to have been used as a 
seal at least since Roman times, and there are many 
surviving early examples of its use in decorative 
carving and other forms of ornamentation. 

The most sought-after form of rose quartz has 
always been the translucent variety and, since the 
genuine article is very rare, it used to be imitated with 
delicately shaded glassy pastes. Ancient peoples 
believed that quartz was a ‘healing stone’ and the 
Romans used it in medicine. 


Rose quartz occurs in mineral veins and in 
rock cavities (geodes) in basalt and some other 
igneous rocks. 

It is thought that in ancient times, rose quartz 
was imported to Rome from mines in India, Sri 
Lanka and the Ural Mountains of Russia. 

Nowadays, the best quality rose quartz comes 
from Minas Gerais, Brazil; Madagascar; South Africa; 
and Maine and other regions of the USA. Minor 
deposits of rose quartz can also be found in parts 
of Germany, Italy, Ireland and Scotland. 


4 Pink quartz cut in 


cabochon. 


4 Y Pink quartz cut in 
oval and faceted. 


v Various ornamental 


pink quartz shapes, 
including a Buddha 
and a necklace. 


Rubies have been treasured for 
thousands of years. Extremely 


hard, and with a fiery é 


- brilliance like glowing 
embers, they are still among the 


eA 


most precious gemstones on Earth. 


he ruby is not only beautiful and much prized 

as a jewel, it is also one of the hardest materials 

available to industry. Rubies are used in 
watches and in precision tools, particularly in lasers, 
where they are characterised by a beam of red light. 

Rubies belong to the corundum group of minerals, 
which also includes sapphires. They are found chiefly 
in the Indian sub-continent and South East Asia, but 
are also mined in America, and, in small quantities, 
in Europe. 

The ruby’s distinctive colour comes from the metal 
chromium, which occurs in the gem crystal. The 
shade may vary according to the angle at which the 
ruby is held. Despite the difficulty of matching 
the range of colours in a genuine ruby, we can now 
manufacture convincing artificial ones synthetically. 


Fakes and imitations 

Although there are many imitations of rubies, the only 
natural gemstone that looks like a ruby is a red spinel. 

Modern technology can now produce synthetic rubies 

that look exactly like the real thing. These imitations 


A A six-sided ruby 
crystal from India. 


v These rubies from 
Tanzania are in the 
metamorphic rock 
amphibolite. 


CHARACTERISTICS 4- 


Ruby is the red variety of the 
mineral corundum, which is 
aluminium oxide (Al,03). The 
blue variety of corundum is 
sapphire. The streak of both 
these colour varieties is white. 
Corundum is a very hard 
mineral and defines point 9 on 
the hardness scale. This 
hardness makes ruby and 
sapphire ideally suitable as 
gemstones because they are 
not easily scratched or 
damaged. Ruby often exhibits 
a visual effect known as 
asterism. This reflects light in a 
star-like pattern because of 
inclusions within the crystal. 
These inclusions can be 
needle-like crystals, often of 
the mineral rutile. Because 
rubies are pleochroic, the 
colour varies depending on the 
direction from which they are 
viewed. The way the colour 
appears brighter in strong 
light is a characteristic of ruby. 
Pale red forms of corundum 
are not called rubies but 'pink 
sapphires' and more violet 
forms are known as 'violet 
sapphires'. 


GEMSTONES. 


Rubies are usually found in igneous (cooled and 
solidified molten lava or magma) and metamorphic 
rocks (which have been transformed by heat and/or 
pressure, deep beneath the surface). 

In most cases rubies are not extracted directly 
from these rocks but are collected from so-called 
placer deposits. These are areas where the gems 

A The asterism star- have been deposited by a flowing river or stream 

effect in a ruby (see when the rock in which they originally occurred was 

‘Characteristics’ on broken down by weathering and erosion. 

previous page). The countries that produce the most rubies are 
in South East Asia. In Burma, fine examples are 
found in the valley of the Irawaddy River, north of 
the country’s capital, Rangoon. Sri Lanka is another 
leading producer of rubies. The main centre there is 
Ratnapura, which means ‘the city of gems’ in the 
local Sinhalese language. Rubies are also found in 
the Chantabiri region of Thailand and around Pailin 
and Channop in Cambodia. Elsewhere, the main 
ruby deposits are found in the Umba River valley, 
northern Tanzania, and in Magadi, Kenya. Smaller 
quantities of the gems are found in Afghanistan, 
India, Pakistan, China, Montana, USA, and Norway. 


A Y Two professionally 

cut and polished rubies. 
RUBY 
Group: Oxides 
Crystalline system: Trigonal 
Chemical formula: Al;0; 
Hardness: 9 
Density: 4.0-4.1 
Cleavage: None 
Fracture: Conchoidal to uneven 
Colour: Red 
Streak: White 
Lustre: From vitreous to adamantine 
Fluorescence: Often red 


are also just as hard as rubies and this makes them 
extremely useful in the manufacture of precision items 
such as lasers and watches. The synthetic jewels reduce 
friction, so watches with jewelled mechanisms are 
accurate and long lasting. 


The world's most famous rubies 

A famous ruby from Myanmar, which is housed in the 
Natural History Museum in London, weighs 167 
carats. Known as the Edwardes Ruby, it was given to 
the museum by the writer and artist John Ruskin 
(1819-1900) in 1887. Another very fine ruby, 
weighing 140 carats, is the Rosser Reeves ruby which 
can be seen at the Smithsonian Institution in 


Washington, DC, USA. 


A Y Two 19th-century 
brooches set with rubies 
and diamonds. 


Y A Burmese ruby in calcite, 
a common mineral. 
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What are minerals? 


The majority of metals, chemicals and industrial products that af’ PF 


are now considered essential to modern 
life come from minerals. 


Piss: and forestry depend on the soil, which is 


heavy in minerals. Quartz is used in ultrasonic 

sound and is therefore particularly important for 
the safety of military submarines. Tourmaline is used 
in pressure gauges. Calcite is used in the production 
of chewing gum, glass, rubber and toothpaste. Mica is 
used in the manufacture of wallpaper, paint and 
lubricants. The potential number of uses for minerals 
is almost limitless. But what exactly are minerals? 


Mineral crystals 

The most visible examples of minerals are stones and 
rock. With the notable exception of mercury, minerals 
are heavy, hard and compact. They are solid masses 
that form shapes called crystals. 

A crystal is a substance that has a constant, regular 
shape. This means that even when the mineral crystals 
are ground down into tiny particles, each individual 
particle still retains the shape of the original crystal it 
came from. This is how minerals are identified. 


Natural, artificial and inorganic 

Minerals are natural substances that form inside a 
variety of different rock types. To extract them, it is 
sometimes necessary to delve deep down into the 
Earth — in mines, wells or tunnels. 

Artificial substances that have been made wholly 
or partly by humans, animals or plants are not true 
minerals. For example, the ruby that is laboriously 
extracted from the mines in Thailand is a true 
mineral. But the ruby that is manufactured for use 
in lasers, although very pure, is not a true mineral 
because it is man-made. 

A true mineral must evolve without the 
intervention or involvement of any living thing. This 
is called an inorganic process. Amber, for example, is 
not really a mineral; chiefly because its crystal 
particles do not keep the same shape when they are 
broken down, but also because amber is a fossil resin 
that was produced millions of years ago by conifer 
trees, which are (or were) living things. 

Mining for minerals is tricky and 
it can be dangerous. It is, however, 
usually well worth the trouble. We can 
extract a wide variety of substances 
from minerals. Some, like gold, are 
valuable in themselves, while others 
are essential to modern agriculture, 
industry, medicine or science. For 
example, from the mineral kainite we 


éS[eJOUIW se JEUM 


A Because of their crystal makeup, minerals often 


form strange shapes. 

> A beautifully cut artificial gem. 

can extract chlorine, which is used in 
anaesthetics and bleaching agents, 
potassium, whose compounds are used in 
agriculture, and magnesium, used in 
medicines such as milk of magnesia. 


More than just a rock 
Rocks are made up of specific combinations of 
minerals, and the endless ways in which the minerals 
can combine result in the huge variety of rocks and 
landscapes. The mineral calcite, for example, is 
present in limestone, while quartz, feldspar and mica 
can all be extracted from granite rock. 

There are some rocks from which minerals cannot 
be extracted. This is usually because the minerals they 
contain are too small and not worth the effort, or 
because they belong to such a broad group and vary 
so much that they cannot be accurately classified. 

Obsidian is an example of this. It is found in 
lava flows and contains large quantities of silica, a 
combination of silicon and oxygen — two very 
common elements. The crystals that make it up, 
however, are not always the same shape and vary from 
location to location. As a consequence, obsidian, for 
all its rich mineral content, is technically described 
as a rock. 


HOW MANY MINERALS ARE THERE? 


At present there are nearly 3,000 different types of named minerals. Their 
number is always increasing - in fact, 50 or more new minerals are discovered 
every year. Other minerals are struck off the list once scientific analysis reveals 


they do not fulfil all the necessary criteria, but overall there is a net gain. When 
we add up all the registered names of minerals they total nearly 15,000. This 
includes all the different types, variations, obsolete names and terms that are 
used only by industry and the commercial sector. The mineral halite, for 
example, is commercially known as table salt. 
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Glossary of terms 


In Treasures of the Earth, we have avoided using scientific terminology where 
practical. However, a basic understanding of the terms used in the science of 
geology is useful since many of them are used in the technical fact files. This 
glossary contains the most common geological terms. 


Allochromatic - A word 
used to describe a mineral 
that is colourless when 
pure, but which can take on 
different colours when it 
contains other elements. 
Pure corundum, for 
example, is transparent, 
but if it has impurities of 
chromium it appears red - 
and is referred to as a ruby. 


Asterism - The name given 
to the star-shaped visual 
effect seen in some 
gemstones when they are 
viewed in a particular light. 
See the photograph on page 
2 of Gemstones: Ruby. 


Atom - An atom is the 
smallest known particle that 
retains the characteristics of 
a particular element and 
cannot be divided any 
further by chemical means. 
Atoms are formed from a 
series of sub-atomic 
particles. 


Brilliance - This describes 
the light that is reflected 
inside a gemstone, making it 
sparkle. The greater the 
light reflected, the greater 
the gemstone's brilliance. 


Brilliant - This is one of the 
Ways a gemstone, especially 
a diamond, can be cut to 
produce the best light- 
reflecting effects. Modern 
brilliants have 58 facets 
which to some extent 
mirror the overall 
octahedral (eight-sided) 
crystal shape of a rough 
diamond. One end of the 
brilliant is cut flat and the 
other pointed. 


Cabochon - A popular style 
of gem cut, where the 


stones are turned into 
smooth, polished dome 
shapes. This is one of the 
oldest types of cuts and has 
been used for centuries. 


Carat - A unit used to 
measure the weight of a 
gemstone. A carat - 
abbreviated to ct - equals 
200 milligrams. It is also 
used to measure the purity 
of gold. When used in 
relation to gold, carat is 
abbreviated to the initial K. 


Twinning occurs when two 
or more crystals share a 
common surface. The 
example above is pyrite. 


Carbonates - There are 
more than 200 carbonate 
minerals, which are formed 
when a metal combines 
with carbon and oxygen. 
Carbonates are soluble 

in acid, usually with an 
effervescent fizz. Calcium 
carbonate is the main 
substance in limestone and 
marble, which have a wide 
range of uses, from building 
and road construction to 
chewing gum. 


Cat's Eye - A light effect 
that occurs in some 
gemstones and resembles 
the narrowed vertical pupil 
of a cat's eye. 


Chemical Symbol - Every 
mineral and gemstone is 
made from the atoms of 
one or more elements. 
These are often expressed 
in a type of chemistry 
shorthand, which uses a 
series of initials to define 
the different elements in 
each mineral. Sodium 
chloride, or salt, for 
instance, has the chemical 
formula NaCl. This means 
that each molecule of salt 
contains one atom of 
sodium (Na) joined to one 
atom of chlorine (CI). Often, 
chemical formulae also 
include numbers. Ruby and 
sapphire belong to the 
corundum group of 
minerals. The chemical 
formula of corundum is 
Al203. This means that there 
are two atoms of aluminium 
(AD joined to three atoms of 
oxygen (0) in every 
molecule of the mineral. 


Cleavage - This is the way 
a mineral breaks along 
internal surfaces. These 
cleavage surfaces are pre- 
determined by the mineral's 
internal atomic structure, 
and are usually flat. When a 
mineral cleaves, the shapes 
produced can be repeated. 
For example, a hexagonal 
calcite crystal cleaves into 
rhombic fragments (solids 
with parallelogram sides) 
and a cubic crystal of 
fluorite cleaves into 
octahedral shapes with 
triangular surfaces. Other 
terms used for cleavage 
describe both the shape of 
the cleavage fragment 
(cubic, tabular, platy, etc.) 
and its quality (perfect, 
good, poor or absent). Not 
all minerals have cleavage. 


Colour - This is the colour 
of a mineral in ordinary 
light. A mineral's colour may 
be determined by the way 
light is reflected from and 
split up by the mineral, and 
it can also result from 
impurities it may contain. 
Colour is not a good means 
of identifying minerals. 
Many common minerals are 
pale coloured or white, and 
minerals such as quartz may 
occur in many colour 
varieties (pink - rose quartz; 
purple - amethyst; black - 
cairngorm). 


Crystal Structure - This 
defines the way in which 
the atoms are arranged in a 
crystal. The 'unit structure' 
of a crystal is the smallest 
particle it can be broken 
down into. This is indivisible 
and will always keep its 
shape. 


Crystal System - Minerals 
commonly form as crystals. 
These are geometrical 
shapes, often of 
considerable complexity. 
The crystal shape of any 


This piece of quartz is 
completely colourless 
(allochromatic) except for a 
small blue impurity. 


given mineral is related 

to the way its constituent 
atoms are arranged. The 
vast number of different 
crystal shapes are arranged 
in groups according to their 
symmetry - this is the 
number of times the same 
view of a crystal can be 
Observed as it is turned 
round. Crystals with a 
similar degree of symmetry 
are grouped into crystal 
systems. The cubic system 
is the most symmetrical and 
is the easiest to understand. 
It has the cube, a very 
symmetrical solid, as its 
basic structure, but within 
this system are shapes like 


An example of inclusions. 
Needle-like crystals of the 
mineral rutile are visible 
within this piece of quartz. 


the octahedron. This is a 
double pyramid with four 
triangular faces coming to a 
point at the top and four 
more making a pyramid 
beneath. The middle of the 
crystal where the two 
pyramids meet is a square. 
Other crystal systems are 
the tetragonal, monoclinic, 
triclinic, orthorhombic and 
hexagonal/trigonal. 


Density - This indicates 

the weight of a mineral in 
relation to the weight of an 
equal volume of water. For 
example, alexandrite, with a 
density of 2.73, is 3.73 times 
heavier than water. 


Ductility - A ductile mineral 
is one that can be drawn 
out into wire shapes. The 
most ductile minerals are 
metals - particularly gold. 


Facet - The flat surface, or 
face, of a cut gemstone. 


Fire - Coloured lights that 
appear to flash from the 
surface of a gemstone are 
referred to as the gem's 
'fire'. This phenomenon is 
caused by the dispersion of 
light as it passes through 
the stone. 


Fluorescence - When 
certain minerals are 
exposed to radiation such 
as ultra-violet lights or X- 
rays, they emit a distinctive, 
Clearly visible light of their 
own. This is called 
fluorescence. (See also 
Phosphorescence.) 


Fracture - All minerals 
fracture. This produces 
uneven, curved (conchoidal) 
or hackly (jagged) surfaces. 
It is different from cleavage, 
which produces smooth, 
repeatable surfaces. 
Fracture shapes cannot be 
repeated exactly. 


Gemstone - A mineral 

that is considered valuable 
because of its beauty, rarity 
or a combination of both. 
Gemstones are used in 
jewellery and ornaments. 
They are often cut and 
shaped to increase their 
beauty and make the best 
use of the way light plays on 
them. Most gemstones are 
inorganic, but some organic 
materials such as jet (a form 
of fossil wood), amber 
(hardened plant resin) and 
pearls are considered gems. 


Geode - When lava solidifies, 
the gas contained within it 
escapes and leaves rounded 
cavities in the solid rock. 
Crystals often grow in these 
cavities, and the crystal- 
lined hollows are called 
geodes. Many are small 
(only a few centimetres in 
diameter) but occasionally 
huge geodes (a metre or 
more in diameter) are 
found, lined with crystals 
such as amethyst. 


Habit - This is the actual 


An example of 
pseudomorphism: here the 
mineral copper has taken 
the shape of aragonite. 


shape of a mineral 
specimen. It may be a 
perfect crystal or a shape 
that seems unrelated to any 
crystal structure. Habit is 
described using crystal 
words such as ‘a cubic habit’ 
or ‘a hexagonal habit’; 
acicular (in thin needles); 
and tabular (in flat slabs). 
Other terms describing non- 
crystalline shapes incude 
massive (no definite shape); 
reniform (rounded like a 
kidney); botryoidal (rounded 
like a bunch of grapes); and 
dendritic (branching). 


Halides - This group has 
approximately 100 minerals 
that combine one of the 
halogen gases - bromine, 
chlorine, fluorine or iodine - 
with one or more of the 
metals aluminium, calcium, 
copper, lead, magnesium, 
potassium, silver, sodium 
or strontium. Halides are 
normally quite soft and 
many are very rare. Fluorite 
and halite are the best- 
known examples. Fluorite is 
used in the production of 
hydrofluoric acid and in the 
plastics and optics 
industries, while halite is a 
major source of table salt. 


Hardness - In 1812, a 
German mineralogist named 
Friedrich Mohs arranged 10 
minerals on a scale of 1 to 
10. His idea was that each 
mineral on this scale would 
be able to scratch only 
those minerals that 


appeared below it. Mohs' 


method of measuring the 
hardness of minerals was 
adopted by science and 
remains the standard today. 


Hydroxides - Hydroxides 
are formed when a metal 
combines with water or 
hydroxyl, both of which are 
made of hydrogen and 
oxygen. Hydroxides tend to 
be very soft minerals, with 
bauxite and limonite being 
two good examples. Bauxite 
is the main source of 
aluminium, while limonite 
is rich in iron. 


Idiochromatic Minerals - 
Many minerals have a 
variety of colours, but those 
that have a diagnostic 
colour by which they can 
be identified are called 
idiochromatic (own 
coloured). For example, 
the mineral malachite is 
invariably a rich green 
colour and sulphur is 
always yellow. 


Igneous Rocks - These rocks 
have formed from the 
cooling of molten rock 
(magma or lava), for 
example in the aftermath of 
volcanic activity. Igneous 
rocks such as granite and 
pegmatite, formed in the 
depths of the Earth, are 
described as ‘intrusive’, 
while those that are found 
where molten rock has 
hardened on the Earth’s 
surface are called 
‘extrusive’. Basalt is an 
example of an extrusive 
igneous rock. (See also 
Metamorphic Rocks and 
Sedimentary Rocks.) 


Impurity - The word 
impurity is used to describe 
elements and other 
'foreign' substances that 
have become attached to, 
or inserted inside, a mineral 
or gemstone. Impurities 
sometimes alter the colour 
and general appearance of 
the mineral. (See also 
Inclusion.) 


Inclusion - Minerals and 


rocks may have 'foreign' 
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material within their 
structure. Quartz, for 
example, often contains 
inclusions of the mineral 
rutile. 


lons - These are electrically- 
charged groups of atoms. 
lons only exist as parts of a 
compound that consists of 
two or more minerals joined 
together, for example, 
calcium carbonate. 


Isomorphism - This occurs 
when two or more minerals 
with different chemical 
compositions form similar- 
looking crystals. 


Lustre - This is the way a 
mineral reflects light from 
its surface. Some minerals 
have a glassy appearance 
and this is known as a 
vitreous lustre. Some shine 
like metal, and are said to 
have a metallic lustre. Other 
lustres include dull or 
earthy, resinous, pearly 
and adamantine (like a 
diamond). 


Malleability - The ability 
of some minerals (mainly 
metals) to be worked, 
hammered or flattened 
out into sheets. (See also 
Ductility.) 


Metamorphic Rocks - These 
are rocks that began life as 
igneous or sedimentary 
rocks then changed form as 
a result of exposure to high 
temperatures and/or 
pressure. During the 
metamorphic process, the 
minerals that formed the 
original rocks go through 
physical and chemical 
changes that alter their 
make-up and appearance. 
(See also Igneous Rocks and 
Sedimentary Rocks.) 


Mineral - A mineral is a 
naturally occurring element 
or compound that has a 
definite chemical and 
physical make-up. Apart 
from mercury, which is 
liquid at room temperature, 
they are all solid masses. 
(See also Crystal Structure.) 


Mohs Scale - See Hardness. 


Molecule - A molecule 
consists of two or more 
atoms bonded together by 
electrical forces. 


Native Elements - Minerals 
that are found in nature 
uncombined with any other 
substances are known as 
native elements. Examples 
include gold and silver. 


Oxides - Oxides are formed 
when minerals combine 
with oxygen. They are 
extremely common. Quartz 
is one of the main oxides 
on the Earth's surface and 
hematite is one of the most 
widespread minerals in the 
world. 


Phosphates - There are 
more than 200 phosphate 
compounds, which form 
when a metal combines 
with phosphorous and 
oxygen. Autonite is a 
radioactive phosphate 

that contains uranium, 
while apatite is mainly used 
in fertilisers. 


Phosphorescence - The 
continuing emission of light 
from a mineral even after 
the light source has been 
removed. (See also 
Fluorescence.) 


Pseudomorphism - A 
phenomenon in which one 
mineral takes the place of 
another and inherits the 
shape and form of its 
predecessor. 


Rocks - Rocks are 
combinations of minerals. 
They are classified, 
depending on how they 
were formed, as igneous, 
metamorphic or 
sedimentary. (See also 
Igneous Rocks, 
Metamorphic Rocks and 
Sedimentary Rocks.) 


Sedimentary Rocks - Rocks 
that have formed out of 
sediments - fragments of 
ancient rock and organic 
materials, such as plants, 


shells and skeletons of sea 
creatures. The sediments 
are transported - often by 
water - and deposited at 
the point where the energy 
of the river, stream, glacier 
or ocean carrying them can 
no longer support the 
weight of sediment. 
Sediments can also be 
transported by falling down 
slopes or by wind. Once 
deposited, over thousands 
of years they become 
compacted by the layers 
deposited on top of them, 
and are cemented together 
to form sedimentary rock. 
Sedimentary rock may also 
be formed by chemical and 
biological processes. 


Series - Some minerals 
form what geologists refer 
to as a series. This is when a 
number of named minerals 
exist with a slightly differing 
chemistry. 


Silicates - This is the largest 
and most abundant group 
of minerals on Earth, with 
more than 600 members. 
Silicates consist of metals 
bonded with silicon and 
oxygen. Typical silicate 
minerals include feldspar, 
mica, tremolite and 
pyrophylite. There are also a 
large number of gemstones 
in this group, including 
beryl, jade and tourmaline. 
The properties of silicates 
are varied: asbestos is a 
well-known silicate, which is 
used for fireproofing and 
insulation; feldspar, the 
most abundant mineral on 
the Earth's crust, is used 

in the manufacture of many 
household items, from glass 
to paint. 


Silk - The surface of some 
minerals looks very much 
like silk. The effect is caused 
by needle-sharp traces of 
another mineral that are 
arranged in an irregular 
pattern under the surface. 


Streak - The streak 
describes a mineral's colour 
when it is turned to powder. 
It can be revealed by 


A group of crystals: 
hematite (black), rutile 
(brown) and quartz 
(transparent). 


rubbing the mineral on 
white, unglazed porcelain. 


Sulphates - Sulphates are 
compounds in which one or 
more metals are bonded 
with sulphur and oxygen. 
There are approximately 130 
minerals in this group, of 
which gypsum is the most 
abundant. Gypsum is a very 
important element in the 
construction industry. It is 
used in the production of 
wall boards and cements. 
Other minerals in the group 
include barite, anhydrite 
and celestite. 


Sulphides - This is a group 
of more than 300 minerals 
in which a metal or a semi- 
metal is combined with 
sulphur. All metals, apart 
from gold and platinum, 
combine with sulphur to 
form sulphides. Many, like 
galena, have a striking 
metallic lustre and cubic 
crystals. Sulphides conduct 
electricity. 


Titre - The purity, or 
proportion, of gold and 
silver in an alloy. (See also 
Carat.) 


Twinning - Crystals of 
many minerals develop in 
combinations referred to 

as twins. These twinned 
crystals appear to grow out 
from one another and share 
a crystal surface. 


DISCOVERY 


- Native elements 


Of the 92 naturally occurring elements, those known as native elements are 
sometimes found in the Earth unattached to the atoms of any other material. 


elements are found in mixtures with other 

elements. Mixtures are joined only by physical 
forces — unlike compounds, which are held together 
by chemical bonds. The constituents of a mixture are 
generally — but not invariably — easier to separate than 
those of a compound. Amalgam, for example, is a 
mixture of gold or silver and mercury; iridosmine (also 
known as osmiridium) is a mixture of iridium and 
osmium. The following can all be found completely 
alone (in the ‘free state’), in very small quantities: 


yon of the 20 naturally occurring native 


Antimony 

Antimony is a poor conductor of heat and electricity. 
It occurs mainly in stibnite but may also be found in 
the free state. It is used in alloys, paint pigments and 
storage batteries. 


Arsenic 

Arsenic is a metal used to make lead shot and 
transistors. Most supplies are extracted from the 
mineral arsenopyrite. 


Bismuth 

After mercury, bismuth is the poorest metallic 
conductor of heat and electricity. It is used in the 
pharmaceutical and cosmetics industries, to make 
alloys, and in fire safety devices. 


Carbon 
Carbon is a non-metallic element which occurs in two 
forms (allotropes) in nature. Graphite is a very soft 
allotrope used as the ‘lead’ in pencils. Diamond, 
another pure form of carbon, is the hardest natural 
substance. It also 
occurs (as a compound) 
in carbonates — 
including coal. 


Copper 

Copper is a reddish 
metal which is a good 
conductor of heat and 
electricity, and reacts 
with few other 
elements. It is used in 
electrical wiring and is 
one of the main metals 
in brass and bronze. 


A A leaf-like aggregate of 
native copper from Italy. 


A Flakes of native gold panned from the River Orba in 
Piedmont (Italy). 


Gold 

Gold is widespread but seldom occurs in sufficient 
quantities to be commercially workable. Nuggets are 
extremely valuable. After copper and silver, gold is the 
most efficient conductor of electricity. 


Iron 

Iron makes up about 596 by weight of the Earth's 
crust and, together with nickel, is thought to be the 
main component of the Earth's core. It is rarely found 
in its native state in terrestrial rocks, although it is 
fairly common in meteorites. 


Lead 

Lead is a poor conductor of heat and electricity. It is 
mainly found in galena, cerussite and anglesite but 
sometimes occurs in the free state. It is used in storage 
batteries and in alloys for soldering. 


Mercury 

Mercury is the only common metal which is liquid 
at room temperature. It is mainly extracted from 
cinnabar ore, but traces of the pure metal may also be 
found in the free state. It was used in barometers and 
thermometers, but this use is being phased out. 
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Native elements 


Platinum 


Platinum is a metal that occurs mainly in nickel- 
bearing ores. It is used in dentistry, jewellery and in 
the catalytic converters in car exhausts. 


Selenium 
Selenium is a non- 
metal. It is used in 
electronics, 
photographic 
exposure meters and 
paint pigments. 


Silver 

Silver is one of the 
best conductors of 
heat and electricity. 
It is used in coinage, 
jewellery and the 
electronics industry, 
and in the 
electrolytic plating 
of tableware. 
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A Filaments of silver from 
Cagliari, Sardinia (Italy). 


Sulphur 

Sulphur is a non-metal which is found in the native 
state in areas of volcanic activity. It is used in 
fungicides, gunpowder and in vulcanised rubber. 


Tantalum 


This is a rare, blue-grey metal used in the manufacture 
of abrasives and dental and surgical instruments. 


Tellurium 

Another rare metal, tellurium is mainly found in 
calaverite and sylvanite but also occurs as a native 
element. It is used chiefly as a steel additive. 


Tin 

Tin is used to protect other metals from rust. It rarely 
occurs in isolation and is mostly extracted from the 
mineral cassiterite (tinstone). 


Zinc 

Native zinc is very rare — only microscopic grains are 
found: the main sources are smithsonite and 
sphalerite. It is used in batteries and to galvanise iron. 


The 92 naturally occurring elements 


The 20 elements in bold occur as native elements in the Earth; the rest always form as compounds with one or 
more other elements. The letters and numbers indicate their chemical symbols and position in the periodic table. 


Actinium Ac 89 Fluorine F 9 Neodymium Nd 60 Selenium Se 34 
Aluminium Al 13 Francium Fr 87 Neon Ne 10 Silicon Si 14 
Antimony Sb 51 Gadolinium Gd 64 Nickel Ni 28 Silver Ag 47 
Argon Ar 18 Gallium Ga 31 Niobium Nb 41 Sodium Na 11 
Arsenic As 33 Germanium Ge 32 Nitrogen N 7 Strontium Sr 38 
Astatine At 85 Gold Au 79 Osmium Os 76 Sulphur S 16 
Barium Ba 56 Hafnium Hf 72 Oxygen 0 8 Tantalum Ta 73 
Beryllium Be 4 Helium He 2 Palladium Pd 46 Technetium Te 43 
Bismuth Bi 83 Holmium Ho 67 Phosphorus P 15 Tellurium Te 52 
Boron B 5 Hydrogen H 1 Platinum Pt 78 Terbium Tb 65 
Bromine Br 35 Indium In 49 Polonium Po 84 Thallium TI 81 
Cadmium Cd 48 lodine | 53 Potassium K 19 Thorium Th 90 
Caesium Cs 55 Iridium Ir 71 Praseodynium Pr 59 Thulium Tm 69 
Calcium Ca 20 Iron Fe 26 Promethium Pm 61 Tin Sn 50 
Carbon c 6 Krypton Kr 36 Protactinium Pa 91 Titanium Ti 22 
Cerium Ce 58 Lanthanum La 57 Radium Ra 88 Tungsten Ww 74 
Chlorine Cl 17 Lead Pb 82 Radon Rn 86 Uranium U 92 
Chromium Cr 24 Lithium Li 3 Rhenium Re 75 Vanadium V 23 
Cobalt Co 27 Lutetium Lu 71 Rhodium Rh 45 Xenon Xe 54 
Copper Cu 29 Magnesium Mg 12 Rubidium Rb 37 Ytterbium Yb 70 
Dysprosium Dy 66 Manganese Mn 25 Ruthenium Ru 44 Yttrium Y 39 
Erbium Er 68 Mercury Hg 80 Samarium Sm 62 Zinc Zn 30 
Europium Eu 63 Molybdenum Mo 42 Scandium Sc 21 Zirconium Zr 40 


Astronomers " ° 
believethe ^ - 
Universe was - 
originally crammed 
into a single point 
from which it 
began tQ exp 


The eve at set 
off this Reson 
and created the 
Universe V 


he ‘Big Bang’ set off the chain of events that 
led to the creation of the Universe, including, 
of course, the planet Earth. In the Big Bang 
everything in the Universe was sent flying outwards 
in the form of a dense gas. This gas began to form 
galaxies of stars, which continue to rush outwards 
as space expands. 


According to the scientists who measure the rate at 
which the Universe is expanding, all the planets we 
can now see in space were squeezed together in an 
enormous mass some 10,000 to 20,000 million 
years ago. The Big Bang was an explosion that sent 
everything in space rushing outwards, expanding 
across the Universe in a motion rather like that of 
milk when it is boiled in a saucepan. 

No one knows how large the Universe is, or if it 
has any limits. However, the numbers and distances 
used when trying to calculate its size are truly mind- 
boggling. The Universe stretches further than our 
most powerful telescopes can see. Even light, which 
travels at 299,000 kilometres per second, takes 10,000 
million years to reach the Earth from the most distant 


THE STORY OF THE EARTH 


objects visible in space. This is calculated at about 10 
million million kilometres. Space is so vast that 
ordinary units of measurement become virtually 
meaningless. The closest star to our Sun is called 
Alpha Centauri and it is 4.3 light years away. This 
means that we see it from Earth as it appeared 4.3 
years ago. The most remote visible objects in the 
Universe are over 10,000 million light years away, 
which means we are now seeing them as they appeared 
before the Earth was created. 

In recent years, some astronomers have discovered 
a weak background warmth spreading through the 
universe. This is believed to be heat left over from the 
intense fireball of the Big Bang. It shows that space is 
not entirely cold, but that it has a temperature of 2.7° 
above Absolute Zero Celsius. Absolute Zero is equal to 
minus 273°C. 

What will happen to the Universe in the future? 
One theory is that expansion will slow and the 
Universe will start to shrink again until a second Big 


Bang occurs. Modern astronomers can find no signs of 


the expansion slowing down. They think the Universe 
will expand forever, slowly thinning out until all the 
stars are extinguished and the Universe is in darkness. 
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The solar system 


In the aftermath of the Big Bang came 
the formation of a network of planets 
and stars that have long fascinated Man. 


ome of the fragments that were thrown outward 
in the Big Bang eventually came together to form 
our Sun. The Sun is a giant fiery ball of hydrogen 


and helium gas. The Sun will not go on glowing for 
ever, but there is enough hydrogen to keep it bright 
for another 1,500 million years. This is good news 
for Man, because without the Sun there could be 
no life on Earth. 

Revolving around the Sun are the planets, 


forming what is known as the solar system. In order of 
closeness to the Sun, these planets are Mercury, Venus, 


Earth, Mars, Jupiter, Saturn, Uranus and Neptune. 
Beyond these, Pluto and 2003 UB313 are classed as 


dwarf planets. In addition, between Mars and Jupiter 


there are thousands of rock-like formations that also 
revolve around the Sun. These are called asteroids. 


THE SUN One of millions of stars in the Universe, the Sun is 150 
million kilometres from the Earth. It is a ball of hot gas with a 
surface temperature of 5,000*C. 


MERCURY Mercury is the smallest planet in the solar system and 
the one closest to the Sun. It takes approximately 88 Earth days 
to orbit the Sun. 


VENUS Venus is the most brilliant of the solar planets. It has a 
similar size and structure to Earth. 


EARTH Earth is the planet on which life as we know it can 
survive. It is encircled by radiation and the differing intensity of 
this produces temperature changes. 


MARS The 'red planet' is easily seen from Earth at certain times. 
There are no oceans on Mars, therefore its surface responds 
much quicker to solar heating. 


JUPITER The largest planet in the solar system is approximately 
1,300 times the size of the Earth. It has a gaseous surface. 


SATURN Saturn's rings are pieces of orbiting ice and rock. It is 
the lightest of the planets and would float on water. 


URANUS Uranus was discovered by astronomer William 
Herschel in 1781. The largest of its nine rings is 50km wide. 


NEPTUNE About 1,600 million kilometres beyond the orbit of 
Uranus, Neptune is almost as cold as outer space itself. 


DWARF PLANETS Pluto was classified as a dwarf planet in 2006, 
along with the larger 2003 UB313. Both are beyond Neptune. 
Ceres (in the Asteroid belt) is also a dwarf planet. 


Earth is the only one of the planets that can support 
life as we know it because it is the only one with the 
right sort of atmosphere. What we call ‘the air’ is 
mainly made up of two 
gases: nitrogen and 
oxygen. All the other 
planets either have no 
atmosphere at all or, 
alternatively, have 
atmospheres of gases 
that would kill off any 


life forms from Earth. 


Jupiter is the largest 
planet in the solar The atmosphere on Mars, the 
system. It is about twice ‘red planet', is predominantly 
as large as all the other carbon dioxide. 
planets put together. 
Jupiter is remarkable for its great red spot and for the 
bands of cloud that can be seen sweeping across its face. 
The second largest planet is Saturn. Its most striking 
feature is its ring system. The rings consist of ice and 
other particles that orbit the planet in bands. Titan, one 
of Saturn 17 moons, is larger than the planet Mercury. 
Pluto is a mystery because of its great distance from the 
Earth. We do know, however, that its orbit sometimes 
takes it inside the path of its neighbour, Neptune. As a 
result, between 1979 and 1999, it was closer to the Sun 
than Neptune was. 


Earth came into existence almost 4,700 million 

years ago, when an enormous mass of cloud and dust 
particles bonded together to form a recognisable planet. 
It was extremely cold when this happened, but Earth 
warmed up rapidly as it grew in size. Much of this heat 
came from the enormous pressure that was exerted on 
the Earth’s interior as materials settled on top of it. 
Earth is not completely spherical — it is slightly 
flattened at its North and South Poles. More than 
seven-tenths of its surface is covered by water. 

The Earth consists of three layers: the crust, the 
mantle and the core. The outer crust consists of many 
different types of rock. Its thickness varies from 70km 
beneath mountains, to just 8km beneath oceans. Under 
the crust, the mantle is 2,900km thick and makes up 
two-thirds of the 
Earth’s mass. The 
Earth’s core is in 
two parts: the outer 
core is 2,200km 
thick and fluid, 
and the inner core 
is 2,540km across 
and solid. 


The planet Saturn 
with its famous rings. 
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THE ART OF COLLECTING 


v The value of gemstones 


e 
is determined by their 
scarcity and beauty, but it 
can be greatly enhanced 
a r1 by the cut and faceting. 


Why are some gems more valuable than others? 


There is an old Chinese tale about a poor man í A 


who asked a wise hermit to help him 
find great quantities of gemstones. 'If 
that is your wish,' said the hermit, 
‘even the pebbles in the sea will 
become gemstones.' The reply 
disappointed the poor man, 

who had hoped the sage 

would advise him how to 

become rich. The simple truth is 

that a gem is considered precious 
only if people wish to own it. 


, | The major reason that some gems are in they are not as hard as precious stones. On the Mohs 
such demand is because they are rare. If there Scale, which is used to measure the hardness of 
were more rubies, with perfect colour and minerals, opal rates 54-64 and turquoise rates 5—6, 
quality, they would soon lose their value. From a while diamond, at the top of the scale, rates 10. (Talc 
modern jeweller's point of view, gemstones are is an example of a soft mineral, rating 1 at the bottom 
minerals or organic substances that can be cut and of the scale.) The word gemstones can be applied to 
polished to create objects of beauty and value. any naturally occurring material that is regarded as 
There are three main types of gemstones. The most 
valuable of these are the precious stones: diamonds, v A fine piece from an Italian Renaissance goldsmith. 


rubies, sapphires and emeralds. 
These gems are very hard and 
durable — indeed, diamond 

is the hardest known natural 
substance. They each have a 
distinct range of colours and many 
of them have a brilliant sparkle. 


New discoveries 

After the precious stones come 
what are known as semi-precious 
stones. The main gems in this 
group were once opal, turquoise, 
garnet, aquamarine, jade, ELT TC (eae 
moonstone, and amethyst and 
other forms of quartz. However, in 
the past century many new 
substances have been discovered 
and added to this list. Semi- 
precious gems present a range of 
beautiful colours, but in general 
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» For many collectors, the pleasure 
that comes from owning a beautiful 
collection is more important than its 
monetary value. 


valuable. They may be formed deep 
beneath the Earth's surface. But in 
addition there are four organic gems 
which are formed by small animals 
and plants. These are pearl, amber, 
coral and jet. 

All these gemstones are worked 
to enhance their natural beauty 
and to show them to their best 
advantage. Diamond, ruby, sapphire 
and emerald in particular are highly 
polished and cut to display their 
colours and to make the most of the 


way the light filters through them. 


Sometimes reshaping is unnecessary. Some varieties 


of chalcedony, for example, are semi-precious 
gemstones that occur naturally, while pieces of amber, 
which can sometimes be found with insects set inside 
them, are both stunning and fascinating. 


Rare elements 

In the jewellery trade, handling valuable gemstones 
has traditionally included working with two of the 

most rare and precious metals: platinum and gold. 

Gold can be polished to a beautiful shine and 
although it feels hard it is not difficult to bend and 
shape, and therefore can be moulded very easily by 
skilled craftspeople. The same applies to platinum and 
silver (which is considerably less valuable). 

These precious and semi-precious minerals are 
valuable because of their rarity, and because they are 
very difficult to find. 
They may, for 
example, only be 
found in countries 
that are far away 
from the commercial 
trading centres in 
which they are sold, 
or perhaps they are 
deep down’ in the 
Earth’s crust. 


Changing 
fashion 
The value of the 


various gems is also 


<The ‘Canning 
Jewel’, created by 
a 16th-century 
goldsmith (Victoria 
and Albert Museum, 
London). 


ee 


à A 17th-century Italian masterpiece - gemstones 
mounted in a filigree clasp, one of the treasures in the 
collection at Palermo Cathedral, Sicily. 


affected by fashion and popular taste. The discovery 
of new gemstones can lead to a sudden trend and a 
short-lived peak in value. Alexandrite is a prime 
example — it was discovered in the Ural Mountains 
of Russia in 1830 and at one time enjoyed huge 
popularity because in certain lights it seemed to 
reflect the colours of the Russian national flag. 
Tourmaline was first discovered in the 18th 
century and it was then considered to be much less 
valuable than the well-known precious stones. Now, 
however, a blue tourmaline gemstone from Paraiba in 
Brazil can be worth more than a ruby. Similarly, a 
tanzanite crystal (a variety of zoisite) is worth a great 
deal more in today's market than a small emerald. 


Synthetic competition 

Man-made, or synthetic, gemstones that look and 

feel much the same as natural ones are sometimes 
considered more valuable than the real thing 

because of the uses they can be put to in industry 

and science. Alexandrite is again a prime example. It is 
manufactured at great expense for use in the windows 
of spacecraft because it can filter out dangerous cosmic 
rays and harmful ultraviolet light. 
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and more! 


IT'S EASY TO CONTINUE 
YOUR COLLECTION 


Ask your newsagent to reserve future 
issues for you to collect on 
a fortnightly basis. 


Receive your issues by post. 
Ring the order line for more information: 


UK and Ireland: 08 
Australia: (03) 9872 4000 
New Zealand: (09) 308 2871 
South Africa: (011) 265 4304 


Or visit the De Agostini website at: 


UK: 
AUS: v 
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Silver is one of the Earth's 
most valuable metals, 

prized not only for its beauty 
but also for its diverse 
industrial properties. 


ilver has been known and valued since earliest 

times and was used in jewellery by many ancient 

civilisations. Silver is also the best natural 
conductor of heat and electricity and, alloyed with 
other metals, it is widely used in electrical contact 
points and electronics. 

Silver is a ‘native element’, which means that in its 
rare, pure form, it is found in nature uncombined 
with other elements. There are only limited amounts 
of pure silver in the world, however, and Man has 
learned how to extract it from other minerals such as 
argentite, chalcopyrite, bornite and copper ore. 


A versatile metal 
Silver has a multitude of uses. It is the most ductile 
metal after gold, and is harder than gold. However, it 
is softer than copper and because it is so soft it must 
be handled with great care. It has a high resistance to 
corrosion, making it useful in many applications. 
When mixed, or alloyed, with other metals, it is 
used for jewellery and silver plating, and it is also 
essential to many industries. It is an ideal conductor of 
electricity, and is used for bridge work and fillings ,. 
in dentistry, medical antiseptics and astringents, 4i 
and in photographic emulsions. Until the 
advent of digital photography, almost one- 
third of all silver was used in photographic 
processing. Because of its resistance to 
corrosion, alloyed silver can also be used 
as a lining in pipes and engine pistons. 
Mexico has always been the 
leading producer of silver and that, 
along with its gold deposits, was 
the principal reason for Mexico's 
great value to the Spanish. The 
1588 Armada against England 
would not have been affordable 
without Latin American silver, and "€ 
in 1594 gold and silver accounted 
for 9596 of Spain's Atlantic trade. 
Although nowadays we speak of “$ 
silver currency, the coins we refer to do "= 
not contain silver at all, but are made of the 
alloy cupronickel. 


A An example of natural silver, from the Sarrabus 
region of Sardinia. 
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"TERISTICS 
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Silver is white in colour and has a metallic lustre. 

It tarnishes when it is exposed to air, ozone or 
hydrogen sulphide and becomes covered with a 

black film. Silver is soft but very heavy - one cubic | 
centimetre weighs approx 10.5 grams. It is the metal 
that is most easily pulled out into threads and | 
beaten into flat sheets. It is also a powerful reflector 

- a well-polished, smooth silver surface reflects more 
than 90% of the light it receives. Silver crystals are 

rare. The metal is usually found in fine grains, leaf- 

like plates, or in ribbons and filaments that are curled 
and twisted (see photograph above). 


> An 18th- 
century silver 
decoration 
from San 
Gennaro 
Cathedral, 
Naples. 


< Natural 
silver from the 
Sarrabus region of Sardinia. 


ORIGINS and DISTRIBUTION Ç$ 


Man has valt Silver since earliest times. Like gold, 
it was originally found in a pure state, uncombined 
with any other minerals, and for this reason it was 
called a native element. Nowadays, there are only 
very limited amounts of pure silver available. The 
main source was once the Kongsberg Mine in 
Norway, but this closed in 1956. 
Man has, however, learned to extract the silver 
that is combined with minerals such as copper. 
Silver combines with other minerals in many ways. 
Small nuggets are one form, but huge blocks of 
silver ore weighing hundreds of kilograms have also 
been found. The best 
known silver mines in 
the world are those in 
the Americas. They were 
originally discovered by 
the early civilisations of 
Central and South 

_ America. Although 
there are still many 

| working silver mines, 

especially in Mexico, 

most of the silver 

produced today is a by- 

product of lead mining. 


4 Example of natural 
silver - silver threads 
on calcite, together 
with the black 
mineral argentite. 


silver with the 
mineral calcite, 
from canada. 

> ‘Diana Hunting’, 
a 17th-century 
German piece in 
gold-plated silver. 
4 An example 

of natural silver 
in fibres on 

white calcite. 


HEMIST'S RECIPE FOR 


EST > £ diss. 


Is it possible to transform copper into silver? This 3rd-century 
AD alchemist's recipe claims it can be done by combining the 
following ingredients: 


* 2 parts tin; 4 parts mercury; 2 parts soil from the Greek 
island of Chios; a piece of solid copper. 

* Melt the tin, then add the soil and the mercury. Spread 
the mixture onto the copper and place it in the oven. 


This, in fact, only produces tin-covered copper that looks a bit 
like silver - but it convinced the medieval alchemists! 


T 
"^. 


> A Branch-shaped 


"FACT FILE 


SILVER 


Group: Native elements 


Crystal system: Cubic 


Habit: Usually wiry 


Chemical symbol: Ag 


Hardness: 27-3 


Density: 10.5 


Cleavage: None 


Fracture: Hackly (with jagged irregular surfaces, like broken 
cast iron) 


Colour: Whitish-grey 


Streak: Metallic grey 


Lustre: Metallic 


Fluorescence: Absent 


, Amethyst is a variety of 
-. quartz and has been a highly 
prized gem since 3000 sc. The 
most sought-after amethysts 
are a deep purple, but in others the 
colour can vary to a pale violet shade. 
Quartz is hard enough to be used as an 
abrasive in industry. 


side from their commercial popularity in 

jewellery, beautiful purple or violet-blue 

amethysts are worn by modern Christian 
bishops and cardinals as a reminder of Christ's passion 
and a symbol of peace. 

The amethyst has been a valuable gemstone since 
ancient times. There are records of it being used to 
make jewellery and seals in Egypt and Asia Minor as 
early as 3000 BC. 

The amethyst’s natural colour is often irregular, 
and the stone is sometimes heated to disperse the 
violet colour more evenly — but if heated too long, 
amethysts can actually change to yellow, brown or 
green. The colour was, for a long time, thought to 
come from the metal manganese, which is present in 
the mineral crystal, but this has not been proved. 

Amethysts are a variety of quartz. The best 
examples come from Brazil, the Ural Mountains 
of Russia, the islands of Sri Lanka and Madagascar, 
and the United States. 


v A magnificent clump of amethyst crystals. 


ux a ^T . 
A Amethyst crystals with yellowish calcite from 
Rio Grande do Sul in Brazil. 


CHARACTERISTICS 


The amethyst is a purple or violet-blue gemstone 
that is a variety of quartz. 

Often, the gemstone's purple colour appears in 
irregular or uneven patches. In other cases it only 
appears at the outer edges of the crystals, with 
the remainder being transparent. To make such 
amethysts look more attractive in jewellery, they are 
sometimes gently heated to distribute the purple 
colour more evenly throughout the stone. 

This has to be done very carefully, because when 
heated at very high temperatures, amethysts lose 
their purple colour altogether and become a rich 
yellow colour as they turn into citrine quartz. 

This colour change is difficult to predict, however, 
and the gemstones can sometimes become brown 
or green. 

The reason so much trouble is taken over the 
colour of an amethyst gemstone is because, in the 
commercial world, pale purple stones are thought 
to be worth less than deep plum-coloured ones. 

Amethysts register 7 on the Mohs Scale, which 
is used to measure the hardness of minerals and 
gemstones. Diamond is the hardest substance on 
the scale, with a rating of 10, while talc, at the 
bottom, rates 1. 

The minerals that look most like amethysts are 
cordierites and violet scapolites, both of which 
belong to the silicate group. There is also a very rare 
purple variety in the corundum group known 
as the 'violet sapphire'. 

Amethysts are often faked, or imitated, with a 
combination of glass and synthetic violet quartz. 
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Semi-precious stone 


geodes of huge volcanic rocks 
such as basalt. They are very 
widespread and found in many 
countries - because they are so 
abundantly available, amethysts 
are classed as semi-precious 
gemstones. 

Amethyst is colourless in its 
purest form. Some experts believe 
that the violet colour is caused by 
iron present in the gemstone, 
while others think it is caused 
by manganese. 

The area where the greatest 
concentration of amethysts is 
found is the Rio Grande do Sul 
region of Brazil. Other significant 
deposits of amethysts are found 
in Uruguay, India, Russia, Sri Lanka, mgl 
Madagascar, Siberia, Argentina, 
Italy and the USA. 


Hangover cure 

The name amethyst came from the Greek word 
amethistos, which translates as ‘not drunken’. The 
gemstone was thought to protect against drunkenness, 
and the Ancient Greeks believed powdered amethyst 
would cure that ‘morning after’ feeling. 


Sacred jewel 

In ancient times, many goblets, bowls and other 
utensils were made from amethyst. However, its main 
significance has for many centuries been a sacred and 
religious one. 

The amethyst is cited in the Bible as one of the 12 
stones adorning the breastplates of the high priests of 
Yahweh. Then, in the Middle Ages, it became the 
stone worn by cardinals and bishops. This tradition is 
still followed by many Christian religions today. 

Amethyst is sometimes imitated with glass or 
synthetic quartz. Low-quality amethyst is commonly 
made into jewellery beads. 


A Crystals of amethyst from Thunder Bay, Ontario, Canada. 


4Y A splendid amethyst cut in an oval shape. 


A An example of a pale violet amethyst. The Ancient 
Greeks believed that powdered amethyst was an 
excellent hangover cure. 


FACT FILE 


AMETHYST 
(A variety of quartz) 
Group: Oxides 


Crystal System: Trigonal 


Chemical formula: Si0; 


Hardness: 7 


Density: 2.65 


Cleavage: None 


Fracture: Conchoidal/uneven 


Colour: Violet 


Streak: White 


Lustre: Vitreous 


Fluorescence: Absent 


t Demantoids are a form of 
garnet with a lustrous green 
colour that varies from soft 
yellowish green to emerald 
green. They are rare and beautiful and 
are widely used in jewellery. 


emantoids are among the most beautiful and 
precious of all the garnet gemstones. They are 
not hard enough to be much used in industry, 
although garnet can be used as an abrasive. Because 
demantoids are relatively soft, they do not form part 
of the elite group of precious gemstones that includes 
diamonds, emeralds, rubies and sapphires. 
Demantoids belong to the silicate group of 
minerals and can vary in colour from pale grass green 
to emerald green. They have a natural sparkle that is 
considered even better than that of the diamond. 
Their distinctive green colour comes from the metal 
chromium, of which traces can be found within 
the gemstone. 
The best examples of demantoid are found in the 
Ural Mountains of Russia, where they are nicknamed 
‘Emeralds of the Urals’. 


Highly valued 
Demantoids are predominantly green, with a yellow, 
or sometimes blue, tint. They get their colouring from 
small quantities of chromium that are present inside 
the gemstone — chromium is also the metal that gives 
emeralds their distinctive 
green colour. 
Demantoids are very 
rare and highly valued 
by collectors. Because 
of their rarity and 
great beauty, they are 
often compared 
to diamonds. 
Diamonds, 
m however, are 
L3 valuable not 


4 Andradite 
crystals 

(of which 
demantoid is a 
variety) from 
the Urals of 
Russia. 


m 


E 


v Demantoid 
crystals 
from Italy. 


CHARACTERISTICS 


Demantoids are members of the silicate group of 
minerals. They have traces of the metal chromium 
within them, which gives them a distinctive green 
colour. As well as demantoids, the ‘andradite’ group 
of garnets contains topazolites, which are yellow- 
green, and melanites, which are sometimes called 
‘black garnets’. 

Demantoids are the most valuable of the garnet 
stones used in jewellery, but their practical worth is 
limited by their relatively low hardness. They rate 6%- 
7 on the Mohs Scale, which is used to measure 
hardness. This means that, unlike diamonds and 
rubies, they cannot be used as cutting or rubbing 
tools in industry. 

Demantoids are even better at reflecting light 
than diamonds, although the visual effects they 
can produce are sometimes partially disguised 
by their own crystals. 


2p SS sa ag pe pee ees 


Semi-precious stone 


A A greatly enlarged photograph of a demantoid crystal 
taken from the green rocks of Lombardy, Italy. 


FACT FILE 


DEMANTOID 


Group: Silicates 


Crystal System: Cubic 


Chemical formula: Ca,Fe,(Si0,) 
Hardness: 67-7 

Density: 3.86 

Cleavage: None 


Fracture: Conchoidal 


Colour: Green 
Streak: White 
Lustre: Subadamantine/vitreous 


Fluorescence: Absent 


only as gemstones but also as industrial cutting tools, 
while demantoids are too soft to be of much use in 
industry. This is the main reason they are not as 
valuable as diamonds, rubies, sapphires and emeralds, 
which are the most precious gemstones on Earth. 


The flame effect 

One of the demantoid gemstone's main attractions 
is the way it reflects light — it seems to have many 
brightly coloured lights trapped beneath its 

surface. Gem cutters make the most of this natural 
phenomenon by using special cutting techniques to 
highlight this ‘flame’, or ‘fire’ effect. Occasionally, 
demantoids also have tufts of thread-like asbestos 
inside them. These look like horses’ tails, and can 
make the gemstones even more valuable. 

Few gemstones resemble demantoids in colour 
or sparkle. Among those that bear a passing 
resemblance are peridots, green tourmalines, 
and some varieties of spinel. 


Famous gems 

Cut demantoid crystals are generally less than 1 carat. 
One of the largest uncut crystals was found in Russia. 
It weighs 10.4 carats and is now displayed in the 
Smithsonian Institution in Washington DC, USA. 


“ORIGINS | 


Demantoids were first discovered in the 1890s in a 
region on the western side of 
the Ural Mountains in Russia. 
Other deposits have also 
been found in northern 

Italy, Switzerland, Kenya 

and Zaire. 

Demantoids are 
mainly found in 
metamorphic rocks - 
that is, rocks formed long 
ago by heat and pressure - or 
in sands that may also contain 
traces of gold. 

When found in rocks, 
demantoids may be 
accompanied by the minerals 
chrysolite and tremolite. 


4 A cut demantoid 
showing the horses' 
tails effect that is 
caused by traces 

of asbestos in 
the gemstone. 


crystals of various shapes and sizes attached to 
serpentine rock. 


DISCOVERY 


* Crystal systems 


Mineral crystals are found everywhere. 


They make up rocks, and they also occur 3 : 4 Tm ad 
in veins filling fractures that run through fk Lk : » 
the Earth's crust. Crystals are also found p p } 

on the moon and in meteorites. fice 


crystal is a solid, three-dimensional shape. 
Crystals form naturally, and the finest crystals 


develop in geological situations where their 


growth is unhindered. Crystals that occur in rocks, ane wt 

such as feldspar in granite, grow within the molten ass A 5 din 

magma as it solidifies into rock, but where there are : C bln Sa) ae 

fractures and hollows in the Earth’s crust, perfect A A quartz crystal. v Orthorhombic celestine crystals. 

crystals can develop in the space available. In such 

situations crystals of great size have been discovered. considered to place any given crystal into its crystal 
system. The cubic system is the one with the highest 

Axes and planes symmetry. A cube has six perfectly square faces which 

The shapes of crystals have been classified into are all at right angles to their neighbours. It can be 

seven crystal systems, each being a ‘shape category’ sliced along planes of symmetry parallel to all its faces. 


[4 containing crystals closely 
related by their symmetry, 


or regularity. A crystal's 
symmetry can be 
considered by rotating it 
around an imaginary axis 
(a straight line running 
through the crystal). If 
the same view of the 
crystal appears twice, then 
the crystal is said to have 
a twofold axis of 
symmetry. Threefold, 
fourfold and sixfold axes 
also occur. The axes of 
symmetry chosen to 
define the crystal 

system are called the 
crystallographic axes. 

A crystal is composed 
of surfaces called faces, 
and many crystals have 
parallel faces on their 
opposite sides. A plane of 
symmetry is an imaginary 
surface cutting through a 

€ crystal, making two halves 
which are mirror images 
of each other. 

These axes and planes 
of symmetry are 
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DISCOVERY 


Crystal systems 


The chosen axes of symmetry cut the centres of the 
faces and meet in the middle of the crystal. If the cube 
is rotated on any of the axes the same view will be 
seen four times. However, as with all crystal systems, 
a number of different crystal shapes have this 
symmetry and are therefore in the cubic system. 
These include the octahedron, made of eight 
triangular faces forming two pyramids stuck 
together on their square bases. 


Crystal habits 
The shape of the crystal is called its habit. 
This may be, for example, cubic, octahedral, 
hexagonal or pyramidal. Habits are described 
with such words, plus terms 
like prismatic 


A Striated cubic crystals of pyrite (Soria, Spain). (with a consistent 
P A Octahedral cassiterite crystals (Rwanda). cross-section), 

>> A model of a prismatic tetragonal crystal. tabular (flat and 
Y» Various habits are possible within the cubic thin), and acicular 
system, as these two 18th-century models show. (needle-like). 


CRYSTAL SYSTEMS 


TETRAGONAL The mine 
and idocrase form cryst 
system. Crystals are coi 
than they are wide, o 
matchbox shapes. 
crystallographic axi 


HEXAGONAL AND TRIG! 
systems are often 

their symmetry is very 
hexagonal system has 
and the trigonal a single 
Both systems typi 
prisms and pyram 

and calcite are classif 
Apatite and beryl are ir 


Do not always expect 


n crystal 

axinite are A round pebble or a 
will not immediately: 
shown here. 5 


Why collect 


gemstones 


Begin a mineral collection and you 
open the door on a world of beauty, 
history, exploration and investment 
that has fascinated enthusiasts for 
many centuries. 


inerals and gemstones can be beautiful 

and can also be a promising investment. 

When you are looking at the striking 
exhibits in museums, remember that many of the 
pieces you are admiring were once in the private 
collection of an individual like yourself. 


Humble beginnings 
A mineral collection will not always be of huge 
financial value, but it can still be of enormous 
scientific interest and an object of personal pride. 
Many types of minerals are worth very little 
money, but it is important to remember that just 
because you cannot sell a particular piece does not 
mean that it is worthless. In the case of a mineral you 
have found yourself, the area in which you found it 
may have taught you a lot, and the mineral will 
remind you of the experience you gained that day. 
Many enthusiasts begin their prospecting on 
the seashore or on the bank of a local stream, where 
they pick up strangely shaped stones. These humble 
beginnings often lead to an interest in minerals — and 
the basis of what may eventually become an extensive 
and interesting collection. In time, when you have 
become more knowledgeable, you will look back on 
these early finds with special affection and nostalgia. 
And, of course, any specimens you find yourself will 
enhance and add a personal touch to the spectacular 
range of minerals and gemstones you will receive with 
Treasures of the Earth. 


Getting started 

As you start your mineral collection you will be 
entering an unknown world and there will be many 
questions you will want answered, such as: What 
equipment will I need? How can I tell what type of 
mineral I have found? How can I best preserve and 
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AY Students of 
mineralogy have always taken great pride 
and pleasure in displaying their collections. 


display my samples? These and other important 
matters will be dealt with in future issues of Treasures 
of the Earth, But to start with, let us consider some 
good reasons for beginning a mineral collection. 


Exquisite shapes 
Minerals can be very beautiful objects. Sometimes 
it is hard to believe such beauty is formed by nature 
and not man-made. 

There are minerals and gemstones of every colour, 
size and shape — from plain cubes to many-sided 
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4" THE ART OF COLLECTING 


Why collect gemstones & minerals? 


figures, rose shapes, crosses and minerals that are 
shaped like plant forms. Their sheer variety has 
fascinated Man since earliest times. 


Historical usage 

In Treasures of the Earth we will learn what scientists, 
ancient and modern, have thought and discovered 
about minerals and gemstones. We will also examine 
the uses to which minerals and gemstones have been 
put in industry and in medicine. 

In addition, we will look at the superstitions that 
have grown up around them, their significance as 
symbols in folklore and literature, and the ‘powers’ 
that have been attributed to them by sorcerers, 
witches, warlocks, fortune tellers, alchemists and 
various eccentrics throughout the ages. 


ineralien-Sam 
(25 Q 8 


4 A fine period box from the late 19th century, 
displaying an imaginatively presented collection 
of mineral samples. 


The fun of exploration 

A major part of the fun of mineral collecting is that 
the specimens are often hidden in out-of-the-way 
places where nature is 
undisturbed, and they can 
be quite reluctant to come 
out. This makes finding 
them a challenge, and 
mineral hunters often 
require a high level of 
determination, 
preparation and 
commitment to succeed. 
Mineral collectors must be 
explorers as well as 


It is the dream of all collectors to acquire - or 
better still, to discover for themselves - an exotic 
and perfectly formed specimen of a rare mineral. 
| However, most 
collectors agree 
that beautiful 
examples of 
common minerals 
can give them as 
much pleasure as a 
rare gemstone that 
is badly flawed. 


| > A particularly 

| spectacular 
mineral sample 
from the Natural 
History Museum 
in Milan, Italy. 


scientists, and in this role they can obtain great 
pleasure from climbing hills, combing beaches, 
trekking across fields, down country lanes and long- 
forgotten pathways — perhaps stumbling across the 
remains of ancient dwellings and mines — as well as 
enjoying fresh air and unusually beautiful scenery. 


Uses and advantages 

Minerals are useful and important, not only in 
themselves but also for the information they can 

give us about the events that shaped the past. It is 

no exaggeration to say that the history of the world 
and human civilisation is clearly reflected in the study 
of minerals and gemstones. It is through mineralogy 
and geology that scientists were first able to determine 
the most basic shapes in nature, right down to the 
tiniest atom. And, of course, minerals have yielded 
many substances that are of enormous value to 
industry and medicine. 

It is not impossible that even the most modest 
amateur collector, exploring at weekends and on 
holiday, might one day make a significant discovery 
that changes our understanding in one or more of 
these important areas. 


4 Polished minerals, such as the perfectly round marbles shown above, are just as 
collectable as the more natural-looking specimens. 


Museums may differ greatly in content, 
size and function, but they all have the 
same aim: to preserve, interpret and 
display the treasures in their care. 


he word museum comes from the Greek 
mouseion, meaning ‘the seat of the Muses’ — 
the nine goddesses of the Arts. The first 
recorded museum of ancient times was opened 
as far back as the year 280 BC. 


How museums began 

Historically, museums began as collections belonging 
to private individuals. Many of these people were very 
wealthy, like King Ptolemy of Egypt, for example, 
who opened a museum in his palace in Alexandria 

in 280 BC. The private collection of the enormously 
rich Medici family formed the basis of the Uffizi 

Art Gallery and Museum in Florence, Italy, in 

the 16th century. 

In Britain, the Earl of Arundel was one of the first 
collectors. He brought back statues and other works 
of art from Italy, where he had travelled in 1614, and 
displayed them in a special gallery set up in his house. 


At about the same time, John 
Tradescant started to collect 
objects of scientific interest, 
including animal bones and 
plants. When he died, his 
collection formed the beginning 
of the Ashmolean Museum in 
Oxford, the oldest surviving 
museum in Britain. 

The British Museum in 
London, founded in 1753, was 
the world's first public museum 
not devoted to religious art. Its 
basis was Sir Hans Sloane's 
collection of ‘plants, fossils, 
minerals, zoological, anatomical 
and pathological specimens, 


4» John Tradescant, whose 
private collection formed the 
basis of Britain's oldest museum - 
the Ashmolean Museum in Oxford. 
» Sir Hans Sloane, founder of the 
British Museum - the world's first 
non-religious public museum. 


Museums and collecting 


antiquities and artificial curiosities, prints, drawings 
and coins, books and manuscripts’ which was 
purchased for the British nation with funds that 
were raised by a public lottery. 

Later, the British Museum acquired medieval 
illustrated manuscripts — including the Lindisfarne 
Gospels and the original Magna Carta — from private 
collections. The first Egyptian exhibits were donated 
in 1756, and in 1816 the Elgin Marbles, from Greece, 
were bought for £35,000. The late King George ITs 
books were donated to the museum in 1822 and a 
new building designed to house the library. The 
British Museum finally moved to its present location, 
in London's Bloomsbury area, in 1848. 


Boom time 

The mid-19th century was a time of a great ‘boom’ 
in che number of museums throughout Europe. In 
Britain alone, over 100 museums opened in the 
1870s and 1880s. As gas and electric lighting became 
available, there were many new possibilities that 
curators and patrons were keen to explore — exhibits 
could now be on show for longer hours and in 
better viewing conditions. Some minerals, such as 
alexandrite from the Ural Mountains of Russia, even 
changed colour in artificial light. 

The British Museum is one of the largest, richest 
and most varied collections of treasure in the world, 
but the way in which it has grown is typical of great 
and small museums around the world. They are 


The so-called Elgin Marbles once decorated the top of 
the Parthenon, a beautiful temple in Athens, Greece, 
that was built around 400 BC and dedicated to the 
goddess Athena. During the 19th century, 56 of the 
magnificent marble carvings were removed from the 
Parthenon, which by this time was largely in ruins. 
They were brought to England by Lord Elgin, the 
British Ambassador to Greece. He later sold the Marbles 
to the British Museum in London, where they are still 
displayed (two of them are shown below). 

In 1983, the Greek government demanded that the 
Elgin Marbles be returned to their homeland, but the 


usually founded on an individual collection, then 
expand through charitable donations and bequests. 
Many people leave money or their own treasures to 
museums when they die, governments give financial 
support with grant funds, and some museums raise 
further money through admission charges. Nowadays, 
a lot of work is carried out by marketing experts in an 
attempt to encourage people with large disposable 
incomes to make charitable cash donations and enter 
covenants with the various museums. 


Settling disputes 

Wealthy museums send their staff all over the world 
in search of interesting and valuable new pieces to 
acquire. The link between national governments for 
co-operation on museum acquisition is the United 
Nations Educational, Scientific and Cultural 
Organisation (UNESCO). 

It is important to have a governing body to oversee 
the administration of international culture because of 
the controversy that can erupt when two countries 
disagree over the ownership of a valuable object or the 
best place to exhibit it. The dispute between Britain 
and Greece over the Elgin Marbles (see box) is a very 
famous example of the clashes that have occurred 
between nations. This collection of ancient sculptures 
was removed from Athens between 1802 and 1812 
by Lord Elgin, who was at that time the British 
Ambassador to Greece. Their removal caused a storm 
of protest, and a controversy that remains unresolved. 


British Museum refused to hand them over. The British 
argument is that, since the Greeks gave Elgin written 
permission to remove the carvings, they are rightfully 
Britain's property. What is more, the museum claims, 
had the Marbles been left in Athens they would almost 
certainly have been ruined by, among other things, the 
Greek capital's notoriously bad air pollution. 

The Greeks, on the other hand, believe that Lord 
Elgin bribed local officials into allowing him to remove 
the carvings, and they argue that this means the 
Marbles are stolen property. In addition, they claim it 
was the removal of these friezes and sculptures that 

led to the collapse of other 
parts of the Parthenon. 

The Greek side of the 
argument received much 
publicity in the latter years of 
the 20th century through the 
efforts of the late Melina 
Mercouri, a famous film 
actress, who later became 
Greek Minister of Culture and 
a tireless campaigner and 
lobbyist for the return of 
the Elgin Marbles to Greece. 


> Planning a 
2 field trip 


Mineral hunting is an increasingly popular 
modern pastime. As a hobby, it dates 
back to the 19th century, when amateur 
geologists' efforts were rewarded with 
some astonishing - and valuable - 
mineral collections. 


dii play e Guruueld 


observation and perseverance. It provides mental | 

exercise, calling for careful preparation and | 
study, and physical exercise, as it can involve trudging 
through the countryside. Depending on which | 
minerals you are searching for, fieldwork will lead you 
into many different terrains. | 

Whenever your prospecting takes you on to 

privately owned land, it is absolutely essential that you 
seek prior permission from the landowner. Popular 
locations for mineral hunters are old quarries and the 
spoil tips of abandoned mines, but again permission A Mineralogists at work in the 19th century. This was 
from the owners must be obtained beforehand, and perhaps the greatest period of mineral exploration, 
when some amateur collectors managed to put 
together extremely worthwhile collections. 


| desides can be a real test of your powers of 


warning signs concerning safety must be observed. 
You will need comfortable clothing: trousers of 
hard-wearing material, sturdy boots or shoes, a 
windcheater jacket and a folding raincoat that fits into 
your pocket. A pair of soft leather gloves and a pocket 
torch are also useful. Choose a rucksack that is large 
enough to carry food, accessories and the mineral 
samples you collect. External pockets are convenient. 

Useful equipment for mineral hunters includes a 
small mallet or hammer, a couple of chisels about 25 
cm long, one pointed and the other with a blade, a 
penknife, magnifying glass, camera, and sample bags 
with labels. You will also need a pencil and pocket 
notebook for recording data on the spot and making 
sketches of the terrain. 


Knowing the terrain 

Never go on a field trip without first doing some 
background work on your destination. Pay particular 
attention to the type of terrain, the season of the year, 


4 Compass, altimeter, maps, pencil and two notebooks 
- one for writing, the other for drawing interesting 
features of the terrain. 


Planning a field tri 


and the time you have available for your mineral 
search. It is no good selecting a site that takes several 
hours to get to, then finding the light begins to fade 
not long after your arrival. 

You will need good maps for your trip, and there 
are no better maps of the British Isles than those 
drawn up by the Ordnance Survey. The Ordnance 
Survey Landranger series of maps are perfect for the 
purpose of geological investigation. They are drawn 
in very great detail on a scale of 2cm to 1km (or 
1:50000). Other useful aids for finding your way 
around the countryside are a compass and a good pair 
of small, lightweight binoculars. 

Before setting out, it is very important to make 
sure that the place you are going to does not have any 
restrictions that would mean you are breaking the law 
or endangering your life by showing up there. If you 
were to wander onto an army testing range, for 
example, you could be in danger as well as in trouble 
(luckily, these areas are clearly marked on OS maps). 


An organised backpack 

When you have gathered all your equipment together, 
it should be packed carefully in a rucksack or 
backpack. Your mallet (or hammer) and chisels should 
be kept in a soft leather holder, or wrapped 
individually in strong material. A hammer should be 
placed inside the rucksack with the handle facing 
upwards; chisels and mallet should be placed in the 
side pockets. When you are packing the remainder of 
the equipment, remember it is important to spread 
the load evenly in your rucksack. With a lopsided load 
on your back, you'll go nowhere fast. 


Safety first 


Never go into mountainous or remote areas on your 
own. Remember, what would be a small mishap in 
normal surroundings can turn into a major disaster 
when there is no one and nothing around to help you. 
Even in the age of mobile phones, batteries can go flat, 


. Y Safety equipment for fieldwork in rocky 
> d areas - goggles, helmet, soft leather 
| iy Um gloves and a torch. 


A One of the most important rules of mineral hunting 
is that you should never go off alone. In a group, hard 
terrain and even mountains can be fun to explore. 


or you may be out of reach of a signal — imagine the 
problems if you are miles from help, and you have a 
twisted ankle and cannot walk. 

Before going out, tell someone responsible where 
you are going and what time you anticipate coming 
back from your trip. Have a light meal before setting 
off on your expedition. Do not forget to take a 
selection of energy-giving snacks (chocolate bars, mint 
cake or glucose tablets) with you wherever you are 
going. A flask of water is another must. 

Do not overestimate your own strength. If you get 
into difficulties it is better to give up and go back than 
to carry on until you are totally exhausted. When you 
are planning your route, avoid potential trouble spots, 
such as ravines and gullies. Beware, also, harmless- 
looking grassy slopes that may, if steep enough, 
present the danger of rock falls or landslides. 


Electrical storms 

If you are caught in a thunderstorm do not on any 
account start running: you may slip on the wet 
ground underfoot and injure yourself. Make for 

a nearby shelter, but avoid trees, especially isolated 
ones that may be struck by lightning. Put all metal 
objects as far away from you as possible. If there is no 
shelter within reach it is best to remain still, and cover 
yourself with your windcheater and folding raincoat. 
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v Anglesite 
crystals 

from 
: . Cagliari, 
CONSE NE Ý Sardinia. 


Anglesite is soft and fragile, with 
beautiful bright crystals. It is mined for 
its lead content, which is used in nuclear 
reactors and X-ray equipment. 


eautiful crystals make anglesite a collectors 
favourite. It is sometimes fluorescent, glowing 
yellow in ultraviolet light. It takes its name from 
Anglesey in Wales. Although large concentrations of 
anglesite are rare, it is still valuable for its high lead 
content. Once extracted, the lead is put to a multitude 
of uses. Because it is inexpensive and does not 
corrode, it is widely used in roofing and to protect 
underground pipes and cables. It also absorbs 
radiation, so can be used in nuclear reactors and 
sophisticated X-ray equipment. 


ORIGINS and DISTRIBUTION EŻ. 


Anglesite is known as a secondary lead mineral and 
it forms typically in lead deposits. On very rare 
occasions it is found with galena, which is a grey 
mineral that is the chief source of lead. 

Elsewhere, anglesite is accompanied by cerussite 
or by zinc minerals such as smithsonite. It may also 
occur in limonite masses. There are many places in 
the world where exceptionally spectacular crystals 
of this beautiful mineral can still be found - among 
them are the famous mines of Tsumeb in Namibia 
and Oujda in Morocco. 


oy ANGLESITE 


Group: Sulphates 


v Yellow anglesite from 
Oujda, Morocco. 


Crystal system: Orthorhombic 
Chemical formula: PbSO, 

Hardness: 2-3 

Density: 6.3—6.4 

Cleavage: Good; depends on the base 
Fracture: Conchoidal 


Colour: Colourless to white, sometimes yellow, grey, 
pale shades of green and blue 

Streak: White 

Lustre: Adamantine, vitreous, resinous 


Fluorescence: Yellow 
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Commonplace mineral 


A Green crystals of anglesite in limonite on galena 
(Cagliari, Sardinia). 

> A Clear crystals of anglesite on galena found in a 
mine near Cagliari, Sardinia. 

» Anglesite crystals on sulphur (Chihuahua, Mexico). 


CHARACTERISTICS 


Some 68.3% of anglesite is the element metal lead. 
Anglesite belongs to the sulphates group. 

It is not very hard - it rates 24-3 on the Mohs Scale 
of hardness. It is fragile, but it is also very heavy. 
When anglesite is put under ultraviolet rays it can 
become fluorescent yellow. 

If anglesite is rubbed on a piece of unglazed 
porcelain, its streak is always yellow, even when the 
mineral itself is another colour. In common with 
many other lead minerals, anglesite crystals are 
bright and sparkling. They are usually colourless, 
clear and transparent, but can appear in white, grey, 
green, yellow or pale blue. 

Anglesite can be distinguished from cerussite, 
with which it is often found, by testing with dilute 
nitric acid. Cerussite dissolves in nitric acid with an 
effervescent fizz; anglesite does not. It can also be 
confused with barite. Although they are superficially 
alike, barite is difficult to burn, while anglesite burns 
easily. It leaves a globule of lead when burned on 
charcoal. 


Secondary formation 

A member of the sulphates group, anglesite is found all 
over the world. It is a secondary mineral — that is, a 
mineral that can only form from a chemical reaction 
on another pre-existing mineral — in this case, oxygen 
from the air reacting with the mineral ore galena. 

Even today, the Isle of Anglesey, in Wales, is still 
one of the best places in the British Isles to find the 
mineral, particularly around Parys Mountain. It was 
first discovered there in 1832 by the French 
mineralogist Francois Sulpice Beudant. 

Elsewhere, the mineral can be found in the 
Derbyshire Peak District, especially in the regions 
surrounding the towns of Matlock and Cromford. 

The test for anglesite is to look at it under 
ultraviolet light. The mineral shows a vivid yellow 
fluorescence in this type of light. 
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Autunite is radioactive. It 
contains uranium, which is 
used in nuclear power 
stations and 
weapons. 


hen it is found in large 
deposits, the mineral 
autunite is mined and 
exploited commercially for its 
uranium content. 
Uranium is a very unstable 
metal. It decomposes quickly 
and, while doing so, releases 
radioactive energy, which can 
be harnessed in nuclear reactors. 
Autunite has yellow-green crystals 
that lose their colour and decompose in dry 
conditions. It is fairly common, and gives off a 
yellow-green fluorescence under ultraviolet light. This 
is the main scientific test for the mineral. 


A Autunite crystals from Washington State, USA. 

In spite of its radioactive properties, autunite is a 

fairly widespread mineral that can be found without 
undue difficulty in many parts of the world. Only the 
larger deposits are exploited commercially, however, so 
there is a chance that amateur mineral-hunters may 
come across it on their field trips. 


One of the first autunite deposits was discovered in 
the 19th century, near the French city of Autun, from 
which the mineral takes its name. In the British Isles 
autunite occurs in Cornwall, particularly around the 
towns of St Austell and Redruth. Other deposits are 
found around Mount Painter in South Australia and 
in the Rum Jungle of northern Australia. It also occurs 


ORIGINS and DISTRIBUTIO 


Autunite is a relatively common mineral. It is 
produced by the alteration of uranium minerals in 
pegmatites and other rocks. 

Excellent specimens can be found at Sabugal, 
Portugal, and Cuneo in Italy. It is also found in the 
Rum Jungle, Australia, in Germany and in England. 
Wherever it is found in large deposits, autunite is 
exploited for its valuable uranium content. 


4 Flattened crystals of yellow autunite 
from cuneo, Italy. 
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Commonplace mineral 


A A collection of small autunite crystals within 
a cavity (France). 

> Yellow-sulphur lamellar crystals 

of autunite found in 

Cuneo, Italy. 


in the USA — the 
finest autunite 
crystals come e 
from the f s 
Daybreak e t "P 
Mine, near = 
Spokane in 

Washington 

State. In 

addition, the 

mineral can still 

be unearthed 

around the city of 

Autun, in France, 

the area in which it 

was originally 

discovered. 

Because it is 
radioactive, it is 
important to keep 
autunite samples in a 


y 


AUTUNITE 


Group: Phosphates 


Crystal system: Tetragonal 

Chemical formula: Ca(UO;);(PO,);10-12H;0 
Hardness: 2-27 

Density: 3.1-3.2 

Cleavage: Perfect basal 


Fracture: Uneven 


Colour: Yellow-green or yellow 


Streak: Yellow 


Lustre: Vitreous to pearly 


Fluorescence: Yellow-green 


Autunite is a member of the phosphate group of 
minerals. Because it contains the radioactive metal 
uranium, it is potentially harmful and must be 
handled with great care. 

Uranium is used in nuclear reactors and weapons. 
In addition to uranium, autunite contains calcium, 
phosphorus, oxygen and water. When it is newly 
collected and still fresh, autunite has a beautiful 
yellow or yellow-green colour and is transparent or 
translucent. 

In time, however, and particularly in the dry 
surroundings in which mineral collections are kept, it 
loses water and colour, and gradually decomposes to 
form 'meta-autunite' (meta means dehydrated). 

Autunite can be recognised by testing for 

radioactivity. This may not be conclusive, however, 
since other radioactive uranium minerals 
have a similar colouring. It is 
interesting to note that although 
uranium is very widespread in 
nature, it is always found 
combined with other minerals - 
never on its own. 


plastic box, wrapped on 
the outside with a sheet 
of lead. 

To prevent it 
turning into meta- 
autunite through water 
loss, you should place 
a small open phial of 
water inside the box 
to maintain the 

moisture level that is 
necessary to prevent 
the mineral from 
decomposing. 


T | 
Tiger's eye is a rare form of black quartz 
which has yellow and golden brown 


stripes. It is a popular gemstone and is 
also used in ornamentation. 


iger’s eye is a gemstone that is fibrous in 

structure and predominantly yellow and 

golden brown in colour. It is stained by iron 
oxide and this is what gives it its distinctive ‘tiger 
stripes’. Tigers eye is a variety of chatoyant quartz. 
‘Chatoyancy’ is another name for the cat’s eye effect 
we have looked at elsewhere, from the French words 
chat (cat) and oeil (eye). Cat's eyes in general are 
optical effects that are caused by fibrous inclusions 
within the crystals of some minerals. Tiger's eye, 
however, is always a form of quartz that gets its 
distinctive yellow and golden brown stripes from 
inclusions of iron oxide. 

Crocidolite is the basis of the formation of tiger's 
eye. It is a form of the mineral riebeckite, and is also 
called blue asbestos. It is a silicate of iron and sodium, 
noted for its fibrous structure. Fluids circulating 
through the Earth's crust often dissolve crocidolite. 
These same fluids carry with them various elements, 
and they deposit silicon and oxygen, which form 
quartz in place of the dissolved fibres of crocidolite. 
Iron oxide, which gives a brownish colouring, may 
develop during the breakdown of crocidolite. The 
delicate fibrous structure is exactly copied by the 


> A rough (uncut) tiger's eye with clearly visible fibrous 
structure and parallel surfaces (South Africa). 


TIGER'S EYE 


Group: Oxide 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: Absent 


Fracture: Splintery or conchoidal 


Colour: Yellow-brown 
Streak: White 
Lustre: Vitreous to silky 


Fluorescence: Absent 


eye 6 


A A tiger's eye gemstone 
with a round cut. 


4 Two tiger's eyes cut in 
cabochons to highlight 
the cat's eye effect of the 
gemstone. 


quartz, and the alignment of the fibres reflects light to 
produce the tiger's eye effect known as chatoyancy. 
Another variety of chatoyant quartz is called hawk’s 
eye. Hawk's eye forms when crocidolite combines with 
quartz in the same manner as that described above, 
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but the blue-grey or blue-green colour of the original 
crocidolite still remains visible in the final product. 


Cabochons 
Tiger’s eyes have a striking silky sheen (lustre) that 
appears concentrated in alternating parallel bands 
along the surface of the gemstone. These effects 
can be highlighted and brought out to their maximum 
advantage by varying degrees of polishing and cutting. 
Polishing is always done along the parallel lines of 
the tiger's eye coloration, while most cutting is done 
in the cabochon style, usually an oval shape, but 
sometimes round. 

Tiger’s eyes that have been cut and polished in this 
way are used in all kinds of small ornaments and 
in cameo-type intaglio brooches. However, some 
larger objects like bowls and vases are sometimes 
made of tiger’s eye. 


Tiger's eye is a form of quartz, which is one of the 
most abundant rock-forming minerals. 

Tiger's eye, however, is one of the less common 
varieties of quartz. It is formed by the alteration of 
crocidolite, which is also known as blue asbestos. 
Crocidolite comes from molten material that has 
crystallised beneath the Earth. It then moves upwards 
and outwards towards the surface of the Earth in 
formations called igneous intrusions. Tiger's eye is 
especially likely to occur in iron-rich minerals called 
amphiboles. 

The most important tiger's eye deposits are 
found to the west of Kimberley in South Africa. Other 
important sources are in Western Australia, Brazil, 
Myanmar, India and Sri Lanka. 


< A vase of tiger's eye made in Canton, China. 


CHARACTERISTICS 


Tiger's eye is a member of the oxide group. It 

is a form of quartz, and like all other varieties of 
that mineral, it is an oxide of the non-metallic 
element silicon. Silicon and oxygen are the two 
most abundant elements on Earth, and silicon itself 
makes up about 27.7 per cent of the weight of the 
Earth's crust. 

Tiger's eye gets its characteristic fibrous 
structure from crocidolite, which is the basis of its 
formation. (Crocidolite is itself a variety of the 
mineral riebeckite, a complex silicate belonging to 
the amphibole group, which contains the metallic 
element iron.) 

The colouring in tiger's eye derives from the 
development of iron oxide during the breakdown of 
crocidolite. The resulting chemical compound is 
limonite, which is yellow. By heating tiger's eye it is 
possible to cause a chemical reaction in the limonite 
particles that will change them to reddish hematite. 
In South Africa, where much of the tiger's eye on 
the market originates, miners used to use fires to 
help break apart the seams of rock to get at the 
seams of tiger's eye, and this created stones with an 
interesting range of colours, including the usual 
tawny gold, as well as peaches and reds. 

Like quartz, tiger's eye has no cleavage; it 
splits off leaving behind a pattern like the outside 
of a seashell (known as a conchoidal fracture) and it 
leaves a white streak when rubbed on unglazed 
porcelain. The chemistry of tiger's eye is the same as 
that of quartz. 


Topaz is a beautiful and 
precious gemstone. It is 
fairly common, and is 

popular for use in jewellery. 


he topaz gemstones natural sparkle makes it 
one of the world's most attractive jewels. It is 
a very hard substance, and under normal 
circumstances it would be valuable for a whole range 
of cutting and abrasive techniques. It does not have 
many industrial applications, but is fashioned into 
expensive jewellery. 
There are many colour varieties of topaz, some 


more rare, and therefore more precious, than others. It 


Y Crystals of topaz from San Luis Potosi, Mexico. 


CHARACTERISTICS 


Topaz is a member of the silicates group. It is made 
up of aluminium combined with silicon, oxygen, 
fluorine and hydrogen. Together, they form attractive 
coloured crystals that are of gem quality. Topaz 
crystals are often found in prismatic shapes. 

There are many colour variations of topaz, 
including yellow, blue, brown, green and orange. 
These variants may be caused by traces of the metals 
iron or chromium. No matter what colour it is, topaz 
always leaves a colourless streak when rubbed on 
harder materials. Topaz does not dissolve in acids 
and will not melt if heated in a flame. 

In some varieties, the original colour of the 
gemstone disappears once it has been exposed to 
heat or sunlight. In others, the opposite occurs, and 
the colour becomes more intensely brownish-red 
when heated. Yellow, or sherry, topaz, in particular, 
assumes pinkish tones if it is heated slowly to 
between 300 and 450°C. 

Topaz is a very hard 
mineral, rating 8 on the 
Mohs Scale. It scratches 
quartz, cannot be 
scratched with a pen- 
knife, but can be 
scratched by the harder 
minerals, corundum and 
diamond. Topaz is heavy 
and fragile. It is 
transparent and has a 
glassy appearance. It is 


the only natural 
gemstone with more or 
less the same specific 
gravity as diamond. 


à A cut and faceted 
topaz gemstone, which 
originated from Minas 
Gerais, Brazil. 
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The most widely-used 
gem cut for topaz is the classic oval shape, 
which shows off the gemstone's colours and 
| lights to excellent advantage. Mixed cuts are 
also very popular. These are combinations 
of different types of gem cuts, and in 
topaz they are often part rectangle, part 
table-and-steps. 
Clear topaz was once thought to be 
diamond, and the two can often look alike to the 
untrained eye. However, they form very different 
crystals. Topaz forms in prismatic crystals and 
diamond occurs as small octahedra, cubes or grains. 
Another reliable test is the Mohs Scale. 


can be found in white, grey, blue, brown, green, 
yellow, orange, pink or purple crystals, or it may be 
colourless. The yellow and orange topaz varieties 
(sherry and imperial topaz) are the most valuable. 

Naturally-occuring pink topaz is very rare. Most of 
the pink topaz on the market is the yellow variety, 


Precious stone 


TOPAZ 


Group: Silicates 


Crystal system: Orthorhombic 
Chemical formula: Al,SIO,(F,OH); 
Hardness: 8 

Density: 3.49-3.60 

Cleavage: Perfect basal 


Fracture: Conchoidal 


Colour: Colourless (when pure) 
Streak: White 
Lustre: Vitreous 


Fluorescence: Absent 


which has been heat-treated. Colourless topaz can be 
made to change colour by bombarding it with gamma 
rays, then heating it. The resulting vivid blue 
gemstone is often used to imitate the precious 
aquamarine gemstone. 


Imitation diamond 
Colourless topaz is known in Brazil as pingas d agua, 
which is Portuguese for ‘teardrops’. 

The 1,600 carat Braganza Topaz in the Portuguese 
royal crown was originally thought to be a diamond 
because of its brilliance. Colourless topaz bears a very 
strong superficial resemblance to diamond, and it is 
used as an imitation and substitute even today. The 
two gemstones are, however, completely different in 
chemical make-up. Diamond is made of pure carbon, 


Topaz occurs typically in granite rocks, and in 
association with quartz. The richest sources are in 
Brazil, particularly around the towns of Teofilo Otoni 
and Serro in Minas Gerais State, north of Rio 

de Janeiro. 

Other important deposits are found in Pakistan, in 
the Ural Mountains of Russia, in Mexico, Sri Lanka and 
Nigeria. There are colourless or pink crystals in rocks 
on the Isle of Elba, and in quartz-bearing porphyry 
rocks around Varese, Italy. 


! A topaz crystal from Minas Gerais, north of Rio de 
Janeiro, in Brazil. Topaz is the only natural gemstone 
with more or less the same specific gravity as diamond. 


Two rectangular 
topaz gems of different 
colours, faceted with the 
very popular table-and- 
steps cut. 


4 An example of imperial 
topaz from Ouro Preto in 
Brazil, which is the world's 
leading topaz producer. 


while topaz is a silicate of aluminium. In addition, 
while diamond tops the Mohs Scale of hardness with a 
rating of 10, topaz scores just 8. 

Citrine quartz, which is yellow, looks similar in 
colour to imperial topaz and is sometimes used to 
imitate it. 


Famous gemstones 

Many museums have large pieces of cut topaz. The 
Smithsonian Institution in Washington, DC, USA, 
has a sample that weighs 3,270 carats. 


DISCOVERY 


e [he cuts and facets of 


gemstones 


Discovering the tricks of the trade - how 
a mineral is turned into a beautifully- 
crafted jewel. 


p | Yhe facets of a gemstone are the cut surfaces. 
Their sole function is to reflect light so that it 
shows the gemstone to its best advantage. Even 

when they are applied to those parts of the gemstone 

that are hidden from view, they still reflect light and 
affect the overall appearance. Without 
facets, some of the light that enters 
the stone would pass straight 

through it and be lost, presenting a 

far less interesting gemstone. 


Brilliant gemstones 
The overall luminous effect noticed in some 
gemstones is called brilliance. It is best seen 
when you move the gemstone slowly around 
as you look at it. The brilliance is increased by the 
number of facets on the gemstone, along with their 
positions and the angles at which they meet one 
another. The angles on a cut gemstone are put there by 
highly-skilled craftspeople, and a well-cut gemstone 
will obviously have greater brilliance, beauty and value 
than an identical stone that has been badly treated. 

In colourless gemstones, such as diamonds, 
the cut must reveal the flame — that is, the 
coloured flashes from light that has 
been split into the colours of the 
spectrum as it passes through the 
gemstone. 


Creating the effect 
‘Transparent gemstones may be 
destined to appear as central 
pieces on rings or other items 

of jewellery, so it is important 
that the best of the lighting 
effects are on the side that faces 
towards the observer. For the 
best effect when mounting on 

a ring, pendant or other piece 

of jewellery, the top facet may 
have to be flat. To fulfil these 
requirements, the largest facet of 
the gemstone is normally cut in a 
five-sided shape, with four sloping 
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A A handful of cut diamonds - perhaps the most 
precious and coveted of all the gemstones. 

4 Y Two examples of quartz that have been 

cut in a cabochon shape. 


sides and a flat top, which is referred to as the table. 

The table is surrounded by the girdle — that is, che 
part that is to be blocked into the mounting. 
The unseen facets of the gemstone are 
referred to as the pavilion, which ends in 
the tip (the apex), or may be finished with 
a flat surface parallel to the table. 


The most common cuts 

Gem-cutters often describe gemstones by the shape of 

their outline — the belt. For example, they speak of 

round, oval, triangular, square or rectangular belts. 

The brilliant cut has a round belt, with 58 

individual facets. This includes the apex, which 

should not be pointed. If it is pointed, it is 

more likely to break. 

Gemstones that are only slightly 
transparent or opaque may be cut with 
a curved surface, so their particular 
optical effects can be brought out 
more clearly. Curved surface cuts 
include the sphere, the egg, the 

ellipsoid and the traditional 

domed cabochon shape. 
The ‘doubles’ technique 

is used to make gemstones 

appear more valuable than 

they really are. Doubles 

typically consist of two different 

pieces of gemstone cleverly 
welded together, or stuck with 
coloured glue. 


4 Splendid gemstones adorn the 
lavish clothes of a 19th-century 
Russian aristocrat. 
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The cuts and facets of gemstones 


Square Rectangular 
baguette 
'Free and easy' Scissor 
rectangular rectangular 


Rectangular Drop 
or pear 


1. Square 

2. Rectangular 

3. Baguette (long 
rectangular) 

4. Drop 

5. ‘Free and easy’ 
rectangular 

6. Oval 

7. Rectangular cut with 
curved sides 

8. ‘Free and easy’ scissor 
rectangular cut 

9. Marquise cut. 

v Around cut seen from 

above and in section. It 

has 57 facets and is a cut 

that is applicable to any 

gem, but is particularly 

suitable for revealing the 


brilliance of the diamond 
(bottom). 


‘Free and easy’ 
scissor 
rectangular 


Marquise 
or shuttle 


he story of how our planet developed makes 

a fascinating study. As yet, many questions 

remain unanswered, and we have really only 
scratched the surface of a history that dates back 
millions of years. 


There are still only theories on how the Earth was 
formed — no-one yet knows for certain the answers 
to many important questions about its true origins. 
A completely convincing theory must explain: 


Why all the major planets travel in almost circular 
orbits around the Sun. 


Why all their orbits lie on practically the same plane. 


Why all the planets go around the Sun in the same 
direction - which is also the direction in which the 
Sun itself rotates. 


Today the most widely accepted explanations of these 
phenomena are based on nebular theory. Nebular 
theory suggests that over many millions of years the 
Sun dragged into its orbit an enormous cloud of dust 
particles and gas. Later, during the same period, this 
material revolved, developed swirls and eddies, and 
formed the nuclei of the planets that slowly condensed 
around them. The Sun remained at the centre of the 


The Universe was 
probably created 

by the 'Big Bang' at 
least 10,000 million 
years ago. Then, 5,400 
million years later, the 
planet Earth began to 
take shape... 


cloud of gas and dust that encircled it, while the 
Earth — in its most primitive form — was one of the 
surrounding whirlpools. 


The Earth travels around the Sun at a speed of around 
30 kilometres per second (110,000km/h). Like all 
other planets, the Earth's motion and path depend 

on gravity and centrifugal force. As the Earth spins 
through space, the centrifugal force it creates is 
counter-balanced by the gravitational pull of the Sun. 
That is to say, the Sun's attraction prevents the Earth 
and the other planets in the solar system from 


A spiral galaxy, one of billions in the universe, 
each of which contains millions of stars. 
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spinning away into deep space. If the Earth were to 
stop moving it would fall into the Sun, but fortunately 
this is unlikely to happen because there is no gas in 
space to impede the Earth's progress and slow it up. 

As an added dimension to the story of the Earth's 
motion through space, the Sun itself — together with 
the rest of the solar system — is moving at a speed of 
about 21 kilometres per second towards the star Vega, 
which is 25 light years away from the Sun. 

In addition to all this of course, the Earth is also 
revolving from west to east on its own axis once every 
day. A day is not exactly 24 hours; the true figure is 23 
hours, 56 minutes and 4.09 seconds. It was 'rounded 
up’ to a 24-hour day for the sake of convenience. 

Extremely accurate quartz clocks have shown 
that the length of the Earth's days is slowly increasing. 
Scientists who have examined fossil corals from the 
Devonian geological period 425 million years ago have 
discovered that those fossils have 400 daily growth 
rings per year instead of 365. So we know that a day in 
the Devonian period was only about 22 hours long. 

Some scientists believe that this slowdown is the 
result of sea tides using up more of the Farth's energy. 
(Sea tides themselves are caused by the gravitational 


pull of the Moon.) 


early history 


The Earth 


There are many conditions necessary for the formation 
of life as we know it, and the absence of just one of 
them would upset the whole cosmic apple cart and 
turn the Earth into a barren globe. 

It is lucky that the Earth's mean distance from the 
Sun is about 150 million kilometres — if it were much 
closer, it would be too hot for life; if it were further 
away it would be too cold. Life would likewise be 


Earth from space. Africa, the 

Saudi Arabian peninsula, 
the Red Sea and the 
Indian Ocean are all 
clearly visible 
through the 
clouds. 


The Earth is 12,756 kilometres in diameter and it 
weighs about 6,600,000,000,000,000,000,000 tonnes. 
The Earth's crust - the layer that contains all the 


minerals and gemstones featured in Treasures of the 
Earth - is less than 32 kilometres thick. Man has barely 
scratched the surface of the Earth. The deepest oil 
wells ever drilled are only about 5 kilometres deep. 
Two elements - oxygen and silicon - make up 75 per 
cent of every material in the Earth; all the other 
natural elements together make up 25 per cent. 


unsustainable if Earth's orbit were less circular and more 
oval (elliptical), causing a greater range of temperatures 
as our planet swung in towards and then away from the 
Sun. We would bake to death in the summer or freeze 
to death in the winter — the only question would be 
which of these two extreme seasons would come first. 

It is also lucky for humans, and all the other forms 
of life on the planet, that the Earth does not revolve 
more quickly. If centrifugal force became greater than 
the planet’s gravitational pull, everything would fly off 
into outer space. 

The other pre-condition for life on the Earth is the 
atmosphere, about 78 per cent of which is nitrogen, 
and almost 21 per cent oxygen. The other 1 per cent is 
made up of argon (0.98 per cent), carbon dioxide (0.03 
per cent) and helium, neon, krypton, hydrogen, xenon, 
nitrous oxide, methane and water vapour. 


Earth's atmosphere does not consist of one uniform 
density, but has several recognised layers. The layer 
closest to the ground is known as the troposphere, and 
this is where we experience ‘weather’. 

The stratosphere is about 16 kilometres above sea 
level. This is where modern jet aircraft fly 'above the 
weather’. Next comes the ionosphere. This is full of 
electrically charged (ionised) gas atoms that are used in 
broadcasting as a sort of trampoline off which radio 
waves are bounced before they descend to receiving 
stations on the other side of the planet. The ionosphere 
is between 80 and 650 kilometres high. 

At about this point the exosphere begins. This is the 
outermost layer of the Earth's atmosphere, and because 
it absorbs the brunt of the Suns heat, it is often at a 
temperature of more than 2,500°C. 

The Earth has existed for around 4,600 million 
years. The oldest rocks — in western Greenland — are 
believed to be about 3,800 million years old. But the 
planet must have existed long before that for the rocks 
to form as liquids and then solidify and settle in layers. 

Much of our knowledge of what is happening inside 
the Earth, and its underground composition, is 
gathered from the study of volcanoes, which were 
examined in detail in a previous article. 


8 Collecting and 
protecting ge 


Tips and advice that should ensure 
your mineral specimens survive the 
journey home. 


f you are lucky enough to go on a field trip — for 

example, with the landowner's permission, and 

appropriate safety gear, to an abandoned mine tip 
— you may find interesting specimens that you want 
to bring home. We now turn our attention to the 
essential items you will need for safe and effective 
storage of mineral samples, and for transporting your 
most prized specimens. 


Simple rules 

Once you have gathered up the equipment for your 

trip (maps, compass, etc) and packed them together 

with other essentials, such as your first-aid kit, water 
and food, it is time to start thinking about what you 
will need for observing, gathering and preserving the 
specimens. 

The triumphant moment of discovery is also a 
time of danger: it is then that you run the greatest 
risk of damaging your interesting or valuable mineral 
find. You can avoid this danger by observing the 
following simple rules: 


A Plastic envelopes, bags and labels are extremely 
useful when gathering samples. 


4 A stretch of rocky 
coastline near the Rio 
Marina mine on the Isle 
of Elba: ideal mineral- 
hunting terrain. Cliffs and 
beaches can be great 
places to find interesting 
samples, but in many 
places it is illegal to 
remove material, so 

you should check local 
regulations carefully. Cliffs 
can also be particularly 
dangerous for walkers 
and climbers. 
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A. It is wise to take plastic boxes for the protection and conservation of 
samples, and phials for tiny fragments or slivers of mineral. 


@ Each piece you have extracted should be carefully 
examined, preferably under the lens, to ascertain 
whether it really does contain crystals or minerals of 
interest. 


@ If all or part of the sample is covered with earth, the 
earth should be slowly and gently removed using the 
tip of a pen-knife or a soft brush. When you have done 
this and can more clearly evaluate what you have 
found, store the pieces that are of interest and 
immediately discard those of poor quality that do not 
contain crystals or have any other mineralogical 
peculiarities. 


Until you gain experience, there will naturally be 
many occasions when you find a piece and simply 
do not know whether it is valuable or not. If your 
companions are also beginners you wont be able to 
consult them, so you may have to take home a lot of 
material for more detailed examination. Do not be 
discouraged if your first trips yield only worthless 
rocks — you will quickly learn to sort the interesting 
and valuable specimens from the rest, and after that 
you will be amazed at how quickly you get into the 
swing of mineral hunting. In the meantime, when you 
are trying to decide what to take home and what to 
discard, remember that some pieces may not look 
promising to the novice but on closer examination 
under the lens may turn out to have fascinating 
crystals that passed unnoticed at first glance. 


What to take home 

You should only take with you those specimens that 
you think are really necessary for the development of 
your collection, or for swaps or scientific study. If you 


are going off to hunt for minerals in a 
group — and we certainly recommend 
that you do not go alone — it is only 
fair to share the best specimens among 
the group. 


Packing them in 

Each piece should be wrapped 
individually with plenty of protective 
material. Very delicate and small 
specimens should be wrapped 

and placed individually in an 
appropriately-sized container. For 
larger specimens it may be necessary 
to use stiff cardboard or plastic boxes; 
all such boxes should have lids. 

If the specimens gathered are very 
similar to one another and come from 
the same locality, it is advisable to 
label them immediately with enough 
information to make them easily 
identifiable later. Label the containers 
with the date and place of discovery. 


Laumontite 

If you are collecting the mineral laumontite, there is 

a special procedure you should follow. Laumontite, 
which is a member of the zeolite group, withers 
quickly on contact with air, and turns to powder 
through loss of water. Any samples should therefore be 
placed immediately in a humid container — such as a 
short glass case with large mouth and airtight seal — at 
the bottom of which is a large piece of cotton wool 
saturated in water. 


@ Plastic bags and envelopes of various sizes in which 
to carry the collected specimens. 


@ Sheets of bubble-wrap and old newspaper in which 
to wrap the specimens. 


e Plastic boxes in a variety of sizes. Put small or 
fragile specimens in individual containers, protect 
with bubble-wrap (or similar) and seal with a lid. 


@ Elastic bands, adhesive tape and string to secure 
the lids of the specimen containers. 


€ Labels so you can note the exact location and date 
of the find. 


@ Cotton wool padding. 


NOTE: The more delicate specimens - for example, 
crystals on their rock base (matrix), fragile aggregates 
or very soft rocks such as chalk - should be packed up 
immediately. 
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Azurite is a minor 
source of the metal 
copper. It is 

also used as an 
ornamental stone, 
due to its striking 
colouration. 


zurite is named 

after its distinctive 

sky-blue colour. It 
was used by the ancient 
Egyptians, and was prized 
for its use as a blue 
pigment in paint for 
thousands of years. Some 
deposits of this mineral 
are used to obtain copper, 
but it is not as important 
an industrial ore as 
chalcopyrite or bornite. 


A Squat, prismatic 
crystals of azurite 
partially covered 
with a surface layer 
of malachite 
(Cochise County, 
Arizona, USA). 


< A collection of small 
azurite crystals 
(Chessy, France). 


Until the late Middle Ages azurite was commonly 
ground into a powder and used in the preparation of 
pigments called ‘mountain blue’ and ‘Armenian stone’. 
These pigments were widely used by medieval painters 
until it was discovered that the colour they produced 
was not stable: over a long period of time, powdered 
azurite would absorb humidity from the air and 


ORIGINS and DISTRIBUTION & 


Azurite occurs as the result of alteration of 
pre-existent minerals. It is therefore known as a 
secondary mineral. It forms in oxidised zones of 
copper deposits which have been altered by 
exposure to air and water. It is almost always found 
in close association with malachite. 

There are numerous deposits of azurite 
throughout the world, but none contains large 
quantities of the mineral. Azurite is therefore 
generally classified as a widespread rather than a 
commonplace mineral. 

Some of the finest azurite deposits have been 
found at Broken Hill (Australia); the Atacama Desert 
(Chile); Chessy (France); Laurium (Greece); Sardinia 
(Italy); Tsumeb (Namibia); Arizona (USA) and Mexico. 


transform itself into another mineral, malachite, 
which is green. 


Giotto 


Today some of the most famous paintings of the 13th 


and 14th centuries — notably those of the great 
Florentine artist Giotto di Bondone (c.1267—1337) — 
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Widespread mineral 


> A group of 
prismatic azurite 
crystals - note the 
rich blue colour. 
This aggregate 
was found in the 
Tsumeb Mine 

in Namibia. 


appear to have green skies. This is the result of an 
unforeseen chemical reaction over hundreds of years, 
not of some non-naturalistic artistic technique. 


The cut 

Azurite is not very hard and, because it will not 
withstand a lot of wear and tear, it is not ideal for use 
in jewellery. But its beautifully coloured crystals make 
it attractive even to those who do not have a special 
interest in mineralogy. 


FACT FILE 


AZURITE 


Group: Carbonates 


Crystal system: Monoclinic 
Chemical formula: Cu,(C03),(0H), 
Hardness: 34-4 

Density: 3.8 

Cleavage: Good 


Fracture: Conchoidal, brittle 


Colour: Blue (usually azure) 
Streak: Light blue 
Lustre: Vitreous 


Fluorescence: None 


Azurite is a member of the carbonates group of 
minerals. It contains the chemical elements copper, 
carbon, oxygen and hydrogen. 

Crystals of azurite belong to the monoclinic 
system of symmetry in which no pair of faces is the 
same length, breadth or height as any other. They 
appear in tabular shapes or in short prisms. Non- 
crystalline azurite commonly forms in radiating 
aggregates or in earthy masses. Azurite is quite a 
soft mineral, scoring between 3% and 4 on the Mohs 
Scale of hardness, and can be scratched easily with a 
knife blade. 

If azurite is rubbed along a piece of white, 
unglazed porcelain it will produce a light blue streak. 
This is the colour all specimens would be if they were 
reduced to powder. 

Azurite is a fairly heavy mineral, weighing just 
under four times as much as the equivalent volume 
of water at room temperature. 


Azurite is usually cut in cabochons or in facets. 
When faceted, the preferred cutting angle along both 
crown and pavilion surfaces is 40 degrees. (For a full 
explanation of gem-cutting terms, see Discovery 11.) 


Chessylite 

The massive form of azurite used in ornamental 
stone is known as chessylite because one of the places 
where it is found is Chessy, near Lyons, in France. 


Tests 

When it is placed in hydrochloric or nitric acid, 
azurite reacts with an effervescent fizz. It turns black 
when held over a flame, and fuses easily. 


< This radiating aggregate of azurite has formed in 
association with olivenite, another copper-bearing 
mineral (Var, France). 


Aurichalcite is a very common 
E^ and fragile mineral. It is too 
"X & soft to be used in industry, but 

ais =" is highly valued by collectors. 


po 


urichalcite is an extremely delicate, sky-blue 
nv that can be found in small deposits 

almost anywhere in the world. Like the alloy 
brass, it contains the metals copper and zinc. 
Aurichalcite forms in crusts of slender, fragile crystals. 
Because of its form and colour it is valued by mineral 
collectors. It rates just 1-2 on the Mohs Scale of 
hardness, so is of little practical use. 

Aurichalcite can easily be scratched and damaged 

by a human fingernail. Although it occurs in many 
countries, the best examples come from Arizona and 


Utah in the USA, and from Mexico. When 
aurichalcite is discovered, it should be cleaned very 
gently with distilled water. One of the tests for 


aurichalcite is to place a small amount in a solution of 


hydrochloric acid. If the mineral is aurichalcite it will 
dissolve with an effervescent fizz. 


ORIGINS and DISTRIBUTION (44 


Aurichalcite is found exclusively in zones where 
deposits of zinc and copper have been altered by 
waters that are rich in carbon dioxide. 
It is often associated with the mineral limonite, an 
iron oxide which contains molecules of water. 
Aurichalcite has a widespread distribution across 
all of the continents. 


4 Needle-shaped crystals 
of aurichalcite with the 
mineral cerussite, from 
Bisbee, Arizona, USA. 


A A collection of small 


a druse (a mass of small 
cavities), from Cagliari, 
Sardinia, Italy. 


" 


aurichalcite crystals within 
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Commonplace mineral | 


A An example of tufts of aurichalcite, from the United 
Kingdom. 


As well as being found in the American states 
already listed, deposits have been found in South 
Dakota. Aurichalcite is also found in Tsumeb, 
Namibia; in Yanga-Koubanza, Democratic Republic 
of the Congo; and in various parts of France, Greece, 
Italy and Russia. 

In the United Kingdom, aurichalcite occurs in 
Cumbria and around Matlock in the Derbyshire Peak 
District. In Scotland, it can be found in Leadhills in 
the Strathclyde region. 


Y > Specimens of aurichalcite in a rock cavity, from 
Durango State, Mexico. 


AURICHALCITE 


Group: Carbonates 


Crystal system: Orthorhombic 


Chemical formula: (Zn, Cu);(CO3).(OH), 


Hardness: 1-2 


Density: 3.94.0 


Cleavage: Perfect 


Fracture: Uneven, very brittle 


Colour: Sky blue, greenish blue, pale green 


Streak: Pale green-blue 


Lustre: Silky to pearly 


Fluorescence: Absent 


CTERISTICS 


Aurichalcite is a member of the carbonates group. It 
contains zinc and copper. It is always coloured sky 
blue, greenish blue or pale green. When rubbed on a 
piece of unglazed white porcelain, its streak is pale 
blue-green. 

Aurichalcite is very soft, rating only 1-2 on the 
Mohs Scale of hardness. it has perfect cleavage and 
pearly or silky lustre. 

The mineral very rarely occurs in separate, isolated 
crystals, but single crystals look like needles when 
viewed through a lens. Aurichalcite is easily 
recognised because it reacts with diluted 
hydrochloric acid with an effervescent fizz, 
producing carbon dioxide. It colours a flame green 
because of its copper content, but does not melt. 

Aurichalcite is of interest to scientists and 
collectors, but it is of little practical value because 
of its fragility. 

Great care should be taken to protect collected 
specimens from dust and grime, as it is difficult to 
remove these from the mineral without damaging 
the delicate crystals. 
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Cuprit 


Cuprite is an important source 
of copper, which has many 
industrial uses. Its rich red 
colour and attractive sparkle 

mean that it is occasionally 

used in jewellery. 


he mineral cuprite has been one of the main natural copper. Cuprite is easily recognised by its 
sources of copper for centuries. It is mined colour, which is usually “cochineal” red, but tends 
extensively, and is sometimes known as red towards brick-red in its more earthy varieties. 
copper ore because of its distinctive colour. 
Well-formed crystals of cuprite have a deep red Mining and uses 
colour and a diamond-like sparkle. Although it makes The copper taken from the cuprite after it has been 


beautiful gemstones, these are mainly collectors’ 
pieces, as they are generally too soft to be used in 
jewellery. The mineral is found in many countries, 


mined is used mainly in electrical wiring, but it is also 


ORIGINS and DISTRIBUTION Å 


Most cuprite is found in 
zones where copper 
deposits have been 
oxidised by the weather. 
It is often associated with 
native copper, malachite 
and azurite. 

Gem-quality cuprite 
occurs in Onganja, 
Namibia. In its more 
common form, it is found 
in several states of the 
USA, and in Australia, 
France, Germany, 
Hungary, Russia, 
Democratic Republic of 
the Congo, Bolivia, Chile, 
Mexico and Japan. In the 
UK it can be found in 
Cornwall. 


where it is commonly accompanied by brownish-pink 


4 A deep red cuprite 
gemstone cut ina 
cabochon jewel shape. 


4 Cuprite crystals with 
metallic marcasite, from 
Arizona, USA. 
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used extensively by the building and construction 
industries for roofing and for gas and water pipes. 
When alloyed with other metals, it is used in coinage, 
and in the preparation of brass and bronze. 

Copper compounds are also widely used in the 
manufacture of colouring agents, fabric preservatives, 
and fungicides. 


Prized specimen 
Among the most precious specimens of cuprite is a 
beautiful group of crystals — the centrepiece of which 
is 3.1cm long — originally found in Cornwall and now 
housed in the British Museum in London. 


A Octahedronal crystals of cuprite on 
chrysocolla (from Shaba, Democratic 
Republic of the Congo). 


> Cuprite crystals in a rock cavity 
(geode) in Shaba, D.R. Congo. 


CUPRITE X 


Group: Oxides 


Crystal system: Cubic 


Chemical formula: Cu,0 
Hardness: 3⁄—4 
Density: 6.14 

Cleavage: Poor 


Fracture: Conchoidal or uneven, brittle 


Colour: Carmine red, brownish-red 
Streak: Brownish-red 


Lustre: Adamantine or submetallic to earthy 
i Fluorescence: Absent 


Cuprite is a copper oxide containing up to 88.8% 
pure copper. It can appear in shapeless masses, or 
in crystals. Another oxide of copper called tenorite 
is less common and has less copper content. 
Cuprite belongs to the cubic crystal system (see 
Discovery 7), and its crystals are dice-shaped, 
8-sided, 12-sided or even more complex shapes. 

The crystals are transparent or translucent, with 
a sparkling or submetallic sheen. They are often 
quite beautiful and are highly sought after by 
collectors. 

Sometimes the cuprite crystals are covered with 
a crust of the green mineral malachite. The 
malachite may gradually replace the cuprite. This 
process is called pseudomorphism. Cuprite is 
soluble in nitric acid. It also melts when held over a 
burner, and turns the flame green. A small fragment 
of cuprite dissolved on charcoal over a flame will 
yield a red globule of metallic copper. 

Chalcotrichite is a form of cuprite, which occurs 
as fine, hair-like red crystals. It should be protected 
from dust, which is difficult to remove without 
damaging the crystals. 

Cuprite has a low rating on the Mohs Scale of 
hardness, scoring just 37-4. It can be very easily 
scratched with a knife blade. 


GEMSTONES 


Æa, Chrysoberyl is one of the 
"PN 4 Earth's hardest minerals. It is 
rarely used in industry, but is 
‘se’ cut as gemstones. 


hrysoberyl is a gemstone of great character. It 

is mainly used in jewellery, and its varieties 

include alexandrite and cymophane (cat’s eye) 
gemstone. Chrysoberyl also forms an attractive, 
transparent yellow-green gemstone that was 
particularly fashionable during the Victorian era. 

Chrysoberyl is a very hard substance that is 

insoluble — even when using acids. The name is 
derived from the Greek chrysos, meaning ‘golden’, and 
berullos, meaning ‘gemstone’. 


A Twinned crystals 
of Brazilian chrysoberyl. 


< A splendid crystal of 
chrysoberyl from Espirito Santo, in Brazil. 


The finest varieties of chrysoberyl occur in Sri 
Lanka, and the gemstone can also be found in Brazil 
and Italy. The best examples of the alexandrite variety 
come from the Urals of Russia. 


Varieties of chrysoberyl 

Chrysoberyl is a very hard and resilient gemstone. 
It is found in various forms. It is a semi-precious 
mineral, usually appearing in an attractive yellow- 
green colour. Alexandrite and cat's eye varieties 

of chrysoberyl have special characteristics and are 
described in separate articles. 


ES Es I i ing 
Chrysoberyl forms in pegmatite and 
rocks and in thin parallel bands of mica. The principal 
source is alluvial gravel, where chrysoberyl occurs in 
rounded pebbles. 

Brazil and Sri Lanka have deposits of this type and 
it is from these countries that the beautiful cat's eyes 
are obtained. 

Some crystals, including grey ones, are present in 
pegmatite rocks in many parts of Italy. | 
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Semi-precious stone 


Alexandrite appears green in daylight, but changes 


FACT FILE 


to red in artificial light. This is a very rare property, 
but is also found in some types of grossular garnet CHRYSOBERYL 
from East Africa. Group: Oxides 
Cymophane has a natural vertical line in the shape Crystal system: Orthorhombic 
of a cat's pupil across its face. The most highly-valued Chemical formula: BeAl;0, 
forms are light golden brown in colour. These often Hardness: 87 
have a shadow that gives a light-and-dark contrasting Density: 3.7 
effect. Other gemstones with cat's eye varieties are Cleavage: Distinct prismatic 
quartz, tourmaline, apatite and scapolite. Fracture: Conchoidal 
Chrysoberyl itself comes in different shades of Colour: Various 
green, yellow and grey. It contains the metals Streak: White 
beryllium and aluminium and rates 8% on the Mohs Lustre: Vitreous to sub-adamantine 
Scale of hardness. The only harder minerals are Fluorescence: Absent, except under certain conditions 
corundum — which includes rubies and sapphires — 


and the hardest of all, diamonds. 
Chrysoberyl is insoluble, and this is one method of found in sand and gravel that have been deposited by 


testing for it. It is so resilient that it can be cleaned, flowing water. The scientific name for these deposits is 
without risk of damage, with any dilute acid. placer deposits. 

Chrysoberyl forms in mica schists — these are rocks One of the most famous examples of chrysoberyl is 
which have a form and structure that have been the Hope Chrysoberyl, a clear, 45-carat yellow-green 
altered by heat and pressure. The gemstone is also cats eye from Sri Lanka. 


CHARACTERISTICS i 


Chrysoberyl belongs to the oxides group of minerals. 
It contains the metals beryllium and aluminium, and 
is basically yellow in colour, with shades of green, 
grey or honey. 

Chrysoberyl is found as beautiful crystals that are 
often clear, with a flattened appearance. The faces of 
the crystals may have parallel grooves (striations). 

The clearest varieties of chrysoberyl are very 
precious and extremely hard, measuring 8% on the 
Mohs Scale of hardness. The gemstones are so 
resilient, they can be cleaned in acid. 

Yellow chrysoberyl gets its colour from small 
quantities of iron, while alexandrite owes its colour 
to the presence of chromium. 

Chrysoberyl crystals often have impurities inside 
them. Among these may be very fine tube-shaped 
cavities or numerous parallel needle-shaped crystals. 


A (Left to right): A chrysoberyl cabachon from Sri Lanka. 
A round cut, faceted chrysoberyl from Sri Lanka. An oval 
cut chrysoberyl. 

> Straw-coloured chrysoberyl with brown zircon in a 
sample from Como, in Italy. 


s Plannin 
your 
collectio 


There are no rights and wrongs 
when it comes to collecting = 
minerals. Build up a collection 
for your own pleasure. 


en you are just starting out as a 
collector, it may seem daunting: 
there are so many minerals, how do 

you decide what to include in your collection? 
The answer is to take your time, building your 
collection at a pace that suits your lifestyle and 
finances, and appreciate the specimens that you 
have gathered together. 


Taking time 

Our present-day fascination with minerals and 
gemstones probably dates back to prehistory, when 
humans were no doubt attracted by colourful and 
unusual rocks seen lying on the ground, or in streams 
and river banks. These objects were collected for a 
purpose: they were turned into tools and weapons, or 
used as simple ornaments. 

Today, many people start a mineral collection 
without taking the time to think about what they 
want to achieve. A wide-ranging collection with a 
broad spectrum of specimens is a good starting point: 
later you can consider whether you want to build up 
an even wider selection of minerals, specialize in more 
precious varieties, or delve into a more specialised 
aspect of the hobby. 

You may, for example, wish to concentrate your 
efforts on minerals that come from your own home 
town or county. Alternatively, you may decide to aim 
for a comprehensive collection of British minerals, or 
to make a special study of foreign minerals. Another 
possibility is to specialise in one particular mineral 
group — silicates, oxides or carbonates, say. You may 
even decide that you want to become an expert on one 
particular mineral, such as quartz. This could be a 
good choice because it is extremely common and 
comes in many different forms. 


4 An exemplary mineral collection in a portable 
specimen case. It includes details on all the specimens - 
their names, where they were found and the date on 
which they were found. 


Small is beautiful 

Unless you have unlimited space in your home, it is 
probably best to keep the individual specimens you 
collect on the small side. As a rule of thumb, try to take 
home nothing larger than an ordinary bar of soap. But 
dont be too rigid about this. It would be a great 
mistake not to keep a beautiful or important specimen 
just because it didnt pass the size test. 

Nowadays, there is increasing interest in 
micromounts. These are perfect specimens of crystals, 
or groups of crystals, that are implanted on a base 
called a matrix, and kept in small transparent boxes. 
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Planning your collection 


A The small brownish-green 
crystals on this specimen 
are rare examples of the 
mineral eosphorite, from 
Minas Gerais in Brazil. 
Eosphorite is highly-prized 
by collectors because it is 
extremely rare. 


A» Pyrite appears regularly 
in collections because it is 
so widespread. This fine 
example is from the 
Traversella mine, Turin, Italy. 


>>» Three different 
types of quartz, from a 
monographic collection. 


Although it may be hard for collectors to give up 
some of their larger specimens, they should bear in 
mind that it is more practical to have several small 
pieces with a few crystals in each, than to have one 
large specimen with many small crystals scattered at 
random. This way, one specimen can be kept in the 
collection and the others used for swapping. 

When you have made up your mind about the best 
size for your mineral specimens, you need to think 
seriously about the range you want to aim for. Local or 
foreign? One particular type of mineral or several? 

Choosing a particular area of specialisation can add 
interest to your collection, but at the same time, a 
general collection can provide hours of fascination. 


Types of collections 

You may decide to collect as many different types of 
one particular mineral as possible and arrange them in 
your collection in groups, families or series — by 


classification. If you decide to collect many different 
mineral specimens from one particular area — your 
county, for example — you could arrange your finds 
according to the location in which you found them. 
This is known as a topographical collection. If, instead, 
you prefer to restrict your collection to one mineral or 
group of minerals — such as the silicates group — this 
will become a monographic collection. 

Another option is a lithological collection — that is, 
one in which the minerals are chosen on the basis of 
their physical characteristics. You may, for example, 
opt for minerals of a particular shape, colour, 
composition or texture. 

A further possibility is to assemble a collection of 
'useful' minerals — those from which metals can be 
extracted; those used in the ceramics industry; those 
used in electronics; or those whose coloured pigments 
are employed by artists. 

In a completely different vein, you may decide to 
make a ‘special interest’ collection of minerals. This 
might, for example, include minerals that were used in 
magic, alchemy, astrology or ancient medicines. 

Dont forget synthetic materials and other artificial 
products as these can also make fascinating collections. 


THE STORY OF THE EARTH 9 


‘| Introducing geology 


Geology is the science 
which studies the Earth - 
its origin, composition and 
evolution through time. It 
can be divided into many 
branches, and draws on 
related sciences, such as 
physics, chemistry, 
astronomy and biology. 


he basic raw materials of geology are minerals, 

rocks and fossils. A mineral is an element or a 

compound made of two or more elements, 
with a unique set of properties and usually with a 
regular crystal shape. Minerals are the basic materials 
from which rocks are formed. Mineralogy looks at the 
properties of minerals. Many are of considerable 
economic significance and some are used as 
gemstones. The scanning electron microscope may be 
used to trace the atomic structure of minerals. 


Petrology is the branch of geology that studies rocks, 
their formation and composition. There are three 
main types of rock: 

are those formed by the cooling and 
consolidation of molten material. Molten rock 
underground is called magma. Large masses of magma 


The folded strata at Stair Hole on 
the coast of Dorset, UK. These rocks 
of Jurassic age were originally 
horizontal, and were folded by 
continental movement in the 
Cenozoic era. 


Rock material deposited by 
a glacier 3,000 metres up in the 
Gran Paradiso National Park, in 
northern Italy. 


which rise to within a few miles of the Earth's surface 
cool and harden into rock, often taking millions of 
years to do so. Rocks which cool slowly, such as 
granite, syenite and gabbro, contain large crystals. 
When molten rock flows onto the Earth's surface it is 
called lava. Depending on how runny the lava is, and 
how much gas it contains, volcanic eruptions vary 
from being very violent to being more gradual 
outpourings of lava. Volcanic rocks like basalt and 
rhyolite cool quickly and so contain minute crystals. 
The common minerals in igneous rocks include 
feldspar, quartz, mica, hornblende, augite and olivine. 
are those which form on the 
surface of the Earth, often from sand, mud and 
pebbles washed by rivers into the sea. They are made 
from recycled material, worn off already formed rocks 
by weathering and erosion. The main feature of 
sedimentary rocks is their layering or stratification 
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Introducing geology 


(bedding). Each stratum represents the Earth's surface 
at some time during the past. Sedimentary rocks are 
the ones in which fossils occur, and some limestones 
are composed almost entirely of the remains of marine 
organisms such as crinoids and corals. 

have been changed from their 
original form by heat or pressure or a combination of 
both forces. For example, when heated by lava flowing 
over it, sandstone is changed into metaquartzite, and 
limestone into marble. Some of the oldest rocks in the 
Earth's crust are metamorphic gneiss and schist. These 
rocks have been created by exceptional heat and 
pressure deep within the Earth's crust. 


Geophysics is a branch of geology that deals with 
magnetism, radioactivity and other physical properties 
of the Earth: one of the things that geophysicists study 
is the shock waves made by earthquakes. This aspect of 
geology has been instrumental in working out, by 
studying how earthquake waves behave as they travel 
deep into and through the Earth, where the Earth's 
mantle and core occur (see box, below). 

The Earth's crust is constantly moving (see box, 
right) and rocks can become broken and twisted. 
Structural geology looks at the ways in which this 
occurs and the resulting effects. Faults are breaks in the 
crust where rocks are displaced. A stratum on one side 
of the fault may be many feet lower than the same 
stratum on the other side. When faults move, 
earthquakes occur. Folding of rocks can take place 
when masses of rock move towards each other and the 
rock between them is compressed. The crumpled rock 
may be up-folded into an anticline or down-folded 
into a syncline. 


In 1915, the German scientist Alfred Lothar Wegener 
(1880-1930) published a book called The Origin of 
Continents and Oceans. His then revolutionary theory, 
which is now generally accepted as fact, was that the 
Earth's continents - Europe, Asia, Africa, North and 
South America, Australia and Antarctica - were once 
all joined together in one great land mass that has 
been given the name Gondwanaland. Over many 
millions of years this huge expanse broke up, causing 
volcanic activity. As the continents continued to 

drift apart, the world map with which we are familiar 
today was created. Evidence from rocks in Brazil and 
southern Africa tells geologists that the split of these 
great land masses began around 110 million years 
ago. The Atlantic Ocean has been steadily widening 
since then, with a range of 

undersea volcanic 

mountains erupting 

along the central 

Mid-Atlantic ridge. 


The continents as they 
were 550 million years ago 
(above) and as they are now. 


THE EARTH'S MAKE-UP 


The Earth is divided into three main layers. 
The outermost layer is the crust, which 
has the continents and oceans on it. 
The Earth's crust comprises an 
upper granite zone and a lower 
basalt zone. It is at its thickest 
beneath the continental 
masses and thinnest below 
the ocean basins. The next 
layer down, from about 

10km under the oceansand | 
60km below the continents, | 
is the Earth's mantle. This is 1 
thought to be made of iron ` 
magnesium silicates. The Y 

Earth's outer core (from 2,900 km N 
depth) is believed to be molten ~ 
iron and nickel. The innermost core CM 


may be solid. —— € and very hot: up to 6,000*C 


Crust: made up of continental 
crust, and thinner 
oceanic crust 


Upper mantle: a plastic-like 
layer which flows away 
from mid-oceanic ridges 


Lower mantle: heat 
from the core sets up 
j convection currents 


Outer core: thought to be 
composed of molten iron 
and nickel 


Inner core: pressure is likely 
p" to make the liquids solid — 


DISCOVERY 


e The art of gem cutting 


Gem cutting is a very delicate and 
painstaking operation undertaken by 
highly skilled craftsmen and women 
called lapidaries. Its purpose is to bring 
out the natural lights, beauty and 
colours of gemstones. 


hen is a mineral considered beautiful 
enough to be called a gemstone? The term 
gemstone is used to describe those minerals 


that can be used in jewellery or for other ornamental 
purposes. Some gemstones only reveal their hidden 
beauty after skilled lapidaries have cut, faceted and 
polished them. 

A gemstone in its natural state, before treatment, is 
commonly referred to as rough. To the untrained eye, 
this material can often look like a handful of rocks or 
pebbles, and the unrefined fragments may not be 
attractive to an amateur gemstone collector. 

Like any craft, gem cutting has its own special tools 
and equipment that enable the lapidary to create 
beautiful gemstones from even the most unlikely- 
looking rough specimens. 


Cutting facets 

For the faceted cut, in which the gem is worked into a 
pattern of flat planes called facets, the raw material is 
examined carefully to ascertain the shape and size most 
appropriate for the finished gem. It is then sawn into 
the rough proportions required using a diamond blade 
cooled with water. After that, the lapidary begins to 
create a very rough outline of the desired shape. 

The next stage involves a goniometer — an 
instrument that measures the angles between the faces 
of a crystal. The rough cut gemstone is placed on the 
rotating plate of a metallic wheel (see photograph 
right) and is gradually honed into the required shape 
with suitable abrasives. 

Generally, pavilion facets (those at the bottom) are 
the first to be applied, followed by the crown and, 
finally, the table cut (the table is the large, horizontal 
facet at the top). All these operations together take a 
skilled lapidary no more than 20 minutes to perform, 
even when the gemstone in question is the hardest of 
them all — a diamond. 


Cameos and engravings 

The most simple work is done with a tumbler. This is 
a rotating drum, full of water and abrasives, in which 
the rough stones are churned until they are rounded 
and polished — as if they were pebbles in a river or the 


A Gem cutting requires a preliminary study and the use 
of appropriate tools. Y One is the rotating plate shown 
in this photograph, which also shows the enlarged 
reproduction of a gem cut in 'brilliant' shape. 
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The art of gem cutting 


DISCOVERY 


A Ab Ab» Various stages in the cutting of a precious diamond. 


sea. The tumbled gemstones are often perforated to 
make beads. 

Carving is an important part of the gemstone 
cutting process. The art of engraving gemstones goes 
back to the dawn of civilisation. 

À cameo is an engraving of at least two different 
coloured layers on a gemstone. It is carved in such a 
way that the background is a different colour from the 
raised design. Sometimes cameos are used as official 
seals, and in order to achieve the raised effect, it is 
necessary to ‘dig out’ some of the raw gemstone. Agate 
is a material that is often chosen by jewellers for 
creating a cameo gemstone. 


44A The work involved in 
carving a diamond is very 
difficult and requires a 
specific skill. The finished 
cut stone is checked by 
means of the proportion 
meter (above), which 

is used to evaluate the 
preliminary examination 
that has been carried out 
with a lens (left). 


Other cuts 

The cabochon cut has a curved dome top. The overall 
shape of the gem is either circular or oval (elliptical). 
The cabochon is used for many gemstones, among 
them star sapphires and rubies, opals and turquoise. 


The rose cut has a flat base with 24 triangular facets. 
It terminates in a point and is mainly used for small 
diamonds. 


The brilliant cut usually has 58 facets: 33 above the 
girdle and 25 below it. The part of the gemstone above 
the girdle is the crown, the part below it, the pavilion. 
Certain definite proportions are essential for any 
brilliant cut gemstone, especially a diamond. The angle 
between the crown facets and the girdle must be 
between 35 degrees and 37 degrees, and the angle 
between the girdle and the pavilion must be 40 
degrees. Variations of the brilliant cut with a modified 
outline are known as the marquise and pendeloque. 


The zircon cut is similar in style to the brilliant cut, 
with the addition of a set of facets on the pavilion. 
These reach from the flat face at the bottom (the culet) 
halfway up the back facets. 


A briolette is a pear-shaped diamond that has its entire 
surface cut in triangular or rectangular facets. 


In the emerald cut (and related step or trap cut), the 
gemstone is cut on the outline of a square, oblong or 
baguette (rectangle) and has a series of rectangular 
facets arranged parallel to the girdle. 


The scissor or Cross cut is quite similar to the 
emerald cut, except that the side facets are made up of 
four or more triangular facets. Other variants include 
the kite, lozenge, triangle and obus cuts. 


A curvette is a cameo that is engraved so that the 
design has a hollow background and the edge of the 
gemstone is raised as high as the centre of the stone. 


The intaglio cut is the reverse of the cameo. Instead of 
being a raised design on the surface of the gem, the 
design is engraved into it. 
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Although aragonite has the 
idi: same chemical formula as 
“== calcite and vaterite, there are 
important differences between the 
three minerals. 


ragonite may be grey, white, yellowish or 
nes colourless. It was confirmed as a 

distinct mineral in 1797 and named after 
Molina de Aragon, in Spain (about 25km from 
Aragon), where it was identified. 

Although aragonite is less commonplace and 
widely distributed than the closely related mineral 
calcite, it was the first of the two to be positively 
identified: calcite was originally recognised in 1836. 
Aragonite is also closely related to vaterite, an 
extremely rare mineral, which was not classified 
as a distinct mineralogical species until 1911. 

(In fact, the first vaterite was produced artificially, 
in a laboratory, and it was not until some time later 
that geologists discovered naturally occurring 
specimens of the same mineral.) 
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Trimorphous minerals 

Aragonite, calcite and vaterite 

have exactly the same chemical 

composition and often appear 

externally identical: in scientific 

terms, they are said to display 

polymorphism (taking many 

forms) and are trimorphous 

minerals (having three forms). 

The crucial difference between 

them lies in their crystal 

structures: aragonite conforms to the orthorhombic 

system of symmetry, whereas crystals of calcite are 

trigonal and crystals of vaterite are hexagonal. In 

addition, aragonite is harder and denser than calcite. 
A very common form of aragonite is ‘flos ferri' 

(flowers of iron). This is the coralloid form (a term 

that refers to its coral-like appearance). 


The cut 

The finest aragonite is gem quality and may be 
fashioned into a wide range of styles for use in 
jewellery and other forms of ornamentation. 
Specimens are sometimes tumbled into beads and cut 
into smooth, domed cabochons, while slabs (massive 


MINERALS 


Aragonite_ 


A When viewed without any 
optical aids, this specimen of 
aragonite appears to be a 
massive aggregate. Under a 
magnifying glass, however, it 
reveals numerous tiny crystals. 


4 Twinned crystals of white 
aragonite (Agrigento, Italy). The 
visible lines along the surface are 
known as striations. 


Aragonite is a widespread mineral which occurs 
mainly in sedimentary rocks that originally formed 
at low temperatures and in rocks that have been 
altered by heat and pressure (metamorphic rocks). 
It is also an important component of the shells of 
many marine organisms. Some of the world's finest 
aragonite is found in the following locations: 
Carinthia (Austria); Horschyenz (Czech Republic); 
Cumbria (England); Grosseto (Italy); Tsumeb 
(Namibia); Migranilla and Molina de Aragon (Spain); 
New Mexico and South Dakota (USA). 
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A Prismatic crystals of aragonite from Grosseto, Italy. 
The associated golden mineral is pyrite (iron sulphide). 


v Prismatic crystals of aragonite forming encrustations 
on the surface of white calcite and sulphur (Sicily, Italy). 


aggregates) of the mineral 
may be highly polished to 
bring out their best lights. 
When aragonite is faceted, 
the preferred cutting angle is 
40° along both the crown 
and the pavilion surfaces of 
the mineral. 


Tests and treatment 
Aragonite may display 
fluorescence under 
ultraviolet light and may 
phosphoresce, showing 
greenish colouration. It 
dissolves in dilute 
hydrochloric acid with 

an effervescent fizz. 
Specimens should be cleaned 
only with distilled water: 
ordinary tap water contains 
impurities which may 
irreparably damage the 
delicate crystal surfaces. 


FACT FILE 


ARAGONITE 


Group: Carbonates 


Crystal system: Orthorhombic 


Chemical formula: CaCO, 


Hardness: 3/—4 


Density: 2.94-2.95 


Cleavage: Distinct 


Fracture: Subconchoidal 


Colour: Grey, white, yellowish, green, blue violet, brown, reddish 


Streak: White 


Lustre: Vitreous 


Fluorescence: Greenish, light blue, pink or yellow 


Aragonite is a member of the carbonate group of 
minerals. It is a carbonate of calcium. Crystals of 
aragonite conform to the orthorhombic system of 
symmetry in which three axes are unequal but are all 
at right angles to each other. Externally, crystals are 
often six-sided (pseudohexagonal) and the crystals 
almost always grow together - the phenomenon 
known as twinning. 

Aragonite scores 37-4 on the Mohs Scale of 
hardness and weighs about 2.95 times more than the 
equivalent volume of water at room temperature. 

When placed under an ultraviolet lamp, some 
crystals of aragonite may emit a greenish, light blue, 
pink or yellow fluorescence. 


MINERALS 


Bournon 


Bournonite is an attractive 
steel-grey mineral, 
appearing in 
chunky crystals. 
It is often found 
in association with pyrite 
and quartz. 
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ournonite is a dark steel-grey 
B mineral that is commonly found 

in crystal shapes that look very 
much like cogwheels. It is named after 
the French mineralogist Count J.L. de 
Bournon (1751-1825), who was the first 
person to identify it as a distinct mineral in its 
own right. 

The other names for bournonite are endellionite — 
from St Endellion, the village in Cornwall, England, - 
where de Bournon found it — and cogwheel ore. A Crystals of bournonite 

with pyrite and sphalerite from Peru. 


Where it is found 

Bournonite occurs quite widely. It is still found 
around St Endellion and near Liskeard in Cornwall, 
and in Arizona, Arkansas, California, Colorado, 
Montana, Nevada and Utah, in the USA. Other places 
it is found include Australia, Bolivia, Canada, Chile, 
the Czech Republic, France, Germany, Hungary, Italy, 
Mexico, Peru, Romania, Spain and Serbia. 


FACT FILE 


BOURNONITE 


Group: Sulpho-salts 

Crystal system: Orthorhombic 
Chemical formula: PbCuSbS; 
Hardness: 24-3 

Density: 5.7-5.9 

Cleavage: Indistinct 


Fracture: Sub-conchoidal to uneven 
Colour: Grey, black 

Streak: Grey to black 

Lustre: Metallic, often brilliant 
Fluorescence: Absent 4 A striated crystal of bournonite with quartz and 
pyrite from Kosovo, Serbia. 


BO | MINERALS 


A A striated crystal of bournonite on calcite, 
arsenopyrite and pyrite, from Serbia. 


> Bournonite on siderite from Westerwald, Germany. 
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ORIGINS and DISTRIBUTION (% 9 


Bournonite is found in geological features called 
hydrothermal veins that were originally formed at 
medium temperatures. It occurs in association with 

A Crystals of bournonite from Wheal Boys, St Endellion, minerals such as galena, quartz and native silver. 

Cornwall, in England. The best bournonite crystals are found in England, 
California (USA), Mexico, Serbia, Peru and Australia. 

v Bournonite with pyrite, sphalerite and calcite, from Peru. 


CHARACTERISTICS 


Bournonite is a mineral that comprises 42% lead, 
13% copper, 25% antimony and 20% sulphur. It 
often contains small quantities of silver, zinc, iron 
and arsenic. 

Bournonite is a primary mineral, and from it the 
secondary minerals azurite, cerussite and malachite 
may be formed by alteration. It is a dark steel-grey 
colour. It has a metallic lustre and even the finest 
fragments are Opaque. It sometimes breaks 
smoothly, leaving a shape that is rather like the 
outside of a shell, but it may sometimes fracture 
quite unevenly. 

It is a soft and heavy mineral, rating just 24-3 on 
the Mohs Scale, and when it is heated it fuses easily. 
When it is dissolved in nitric acid, the copper 
content turns the solution green. Bournonite occurs 
in short prismatic or tabular crystals, often twinned 
to form cross or cog-wheel aggregates. These 
instantly recognisable shapes resemble mechanical 
gearing. It may also be granular or massive. 


A 


Chabazite 


Chabazite is a brittle mineral that is 


widely distributed. It is used in 
industry to help cleanse 
a variety of gases. 


habazite is thought to take its name from the 
© Greek word chabazios or chalazios meaning 

hailstone, a reference to its chunky-looking 
translucent crystals. It is used industrially in the 
purification of gases and in the process used to 
separate methane from the various other gases that are 
given off when bacteria react with organic waste 
matter. It is distributed across many countries of the 
world, and may be found in parts of the British Isles. 
Chabazite is brittle, and can appear in a range of 
colours: white, yellowish, pinkish, reddish, greenish or 
completely colourless. 


Shape and origin 

Chabazite is a silicate of the metals calcium and 
aluminium. It is a hydrated mineral, which means it 
has molecules of water attached to it. Although its 


Chabazite is widely distributed across the world. It is 
present in the cavities of rocks such as basalt that 
were formed by volcanic activity. It is also present in 
some metamorphic rocks. It occurs in association with 
other zeolites like harmotome, heulandite, phillipsite 
and scolecite. 


<a Chabazite crystals from Genoa and Bolzano in Italy. 


crystals often appear to be dice-shaped, they in fact 
belong to the trigonal system. 

Chabazite is found mainly in volcanic basalt rock, 
and also to a lesser extent in some rocks that have 
been altered by heat and pressure (metamorphic 
rocks). In the British Isles, chabazite may be found 
around the Giant's Causeway in County Antrim, 
Northern Ireland; on the Isle of Skye; and in 
Renfrewshire, Scotland. 

Further afield, chabazite is also found in the Faroe 
Islands; in the Bay of Fundy, Nova Scotia, Canada; in 
Poona, on the Deccan Plateau, India; in the Columbia 
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Commonplace mineral 


A Chabazite crystals from Victoria, Australia. 


River plateau and Riverside County, California, USA; 


in Victoria, Australia; in the Haute Saone and 
Plombiers regions of France; around Annarode and 
Oberstein in Germany; near Aussig in the Czech 
Republic; in Greenland; in Iceland; and in the Siusi 
Alps and Cyclopean Islands of Italy. 


Testing for chabazite 
Unlike calcite, with which it commonly occurs, 
chabazite does not react with hydrochloric acid. It 


v Rose chabazite crystals from Nova Scotia in Canada. 


CHABAZITE - 


Group: Silicates 


Crystal system: Trigonal 

Chemical formula: CaAl,Si,0;2.6H,0 
Hardness: 4—5 

Density: 2.05-2.16 

Cleavage: Indistinct 


Fracture: Uneven 


Colour: White, yellow, greenish or colourless, often pinkish or red 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: Absent 


identified. Zeolites are a group of glassy secondary 
minerals made up of hydrated aluminium silicates of 
calcium, sodium or potassium. They all give off water 
when heated in a closed test tube. Chabazite is soft 
and can be scratched easily with a penknife. It is 
fragile and does not break off in perfect crystal 
shapes. Chabazite crystals often look like dice, but 
this is deceptive because they in fact belong to a 
trigonal system. 


dissolves, leaving a gel or silica. When it is heated with 
charcoal it fuses easily to a white glass. 

In common with all other members of the zeolite 
group of minerals, chabazite gives off water when it is 
heated in a closed test tube. 


Y Asample from Poona in India. 


Alexandrite was discovered in 
Russia in 1842. It has an amazing 
capacity to change colour, and can 

be used to filter out ultraviolet light 

and dangerous cosmic rays. 
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lexandrite is a ‘magical’ gemstone that changes 
colour from yellowish-green to red in different 
light. It was once a sought-after gemstone, but 
due to changing fashions and dwindling deposits, it is 
now synthetically manufactured at great cost for use in 
the windows of spacecraft, because it can filter out 
| harmful cosmic rays. 
i Alexandrite is a very rare variety of the more 
| common chrysoberyl, a green or yellow mineral. There 
are still some deposits in Russia, but this variety can 
also be found in small quantities in Sri Lanka, 
Zimbabwe and Brazil. 
Alexandrite’s unique colour-changing phenomenon 
is caused by the metal chromium, which is 
present inside the alexandrite crystal. 


A An alexandrite crystal, as it 
appears when exposed to 
! New frontiers artificial light. 
In the early 19th century, explorers 
from Russia were pushing 
eastwards across the Ural 
Mountains into Siberia. In many 
ways, this was the Russian 
equivalent of the American 
Frontier. 

It was a lawless, exciting time, 
with pioneers hoping to make 
their fortunes by finding gold 


<A portrait of Alexander II 
(ruled 1855-81), from whom 
alexandrite takes its name. 


FACT FILE 


and precious stones. 

When alexandrite was first 
discovered in 1842, it was 
initially thought to be emerald 
because of its green colour. It 
was, however, found to change 
to a vibrant red colour in 
artificial light. 

The new gem is thought to 
have been called alexandrite 
because the day on which it was 
discovered was the birthday of 
the Crown Prince Alexander, the 
heir to the throne of Russia. 


ALEXANDRITE: 


Group: Oxides 


Crystal system: Orthorhombic 


Habit: Normally flat (tabular) 


Chemical formula: BeAl,0, 


Hardness: 87 


Density: 3.75 


Cleavage: Distinct 


Fracture: Conchoidal or uneven 


Colour: Green-red, pleochroic 


Streak: White 


Lustre: Vitreous 


Fluorescence: Absent 


Precious gemstone 


Although it enjoyed a wave of popularity in Russia, 
primarily because it mirrored the green and red of the 
imperial Russian flag, alexandrite is not as beautiful as 
emerald. It has a brilliant colour, but lacks the intense 
‘fire’ that makes the best emeralds unique. For 
craftsmen working on the gem, alexandrite presents 
problems because it tends to break when it is cut or 
polished. In spite of this, alexandrite is very valuable. 


ORIGINS and DISTRIBUTION í 


Alexandrite was discovered in the Ykaterinburg river 
valley of the Ural Mountains, in deposits of coarse- 
grained rocks that were at first thought to contain 
precious emeralds. Most of the alexandrite from the 
Urals region has now been excavated. Because it is 
very hard and resistant to wind and water, alexandrite 
can be found in placer deposits. These are areas where 
the alexandrite has been carried by rivers and streams 
after the rocks in which it was created were broken up 
by erosion. Small deposits like these have been found 
in Sri Lanka, Zimbabwe and Brazil. Green grossular 
garnet from East Africa exhibits the same green/red 
colour-changing characteristic. 


Synthetic gems 
Attempts have been made in the past to imitate 
alexandrites change in colour, using synthetic spinel 
and carborundum, but results have been modest. The 
manufacture of synthetic alexandrite is enormously 
expensive and this means that it is only ever produced 
in small quantities for industrial purposes. 


44 These photographs 
show the extraordinary 
colour of uncut 
alexandrite from the 
Urals. In natural light it 
is green or yellowish (far 
left). In artificial light or 
candlelight it becomes 
red (near left). 


CHARACTERISTICS d 


Alexandrite is a variety of the more common mineral chrysoberyl, which is 
usually a dull yellow or green colour. The name 'chrysoberyl' comes from 
the Greek word chrysos, meaning 'gold', and beryl, a green gemstone. 
Alexandrite differs from other forms of chrysoberyl in two ways: 

* |t has a more brilliant colour. 

* Alexandrite has the very rare ability to change colour. Chrysobery! does 
not. The colour change occurs in different lights. In daylight it is 
yellowish-green, but under artificial light it is red. This change is caused 
by the presence of the metal chromium inside the alexandrite crystal. 


Synthetic alexandrite is not often produced because of its high 
production costs. However, it is made in small quantities for use in lasers 
and in the windows of spacecraft and satellites. Normally, the Earth's 
atmosphere protects us from harmful ultraviolet light and cosmic rays. 
But in space there is no such protection because there is no atmosphere. 
Normal glass or plastic in the windows of spacecraft would not offer 
enough protection, but alexandrite's ability to filter out various parts of 
the light spectrum provides protection against dangerous rays. This AA The same amazing colour 
filtering property is the reason it changes colour in different light - change in cut alexandrite: the 
different parts of the light spectrum are reflected. gemstone in natural light (top) and 
artificially illuminated (above). 


ll Keeping records of 


If you intend your mineral collection 
to retain its interest for years to come, 
it is important that you keep a detailed 
record of all the information relating 
to the specimens that you have in 
your collection. 


t is challenging to build on the Treasures of the 

Earth collection with specimens you have found 

yourself. The more detailed the record you make 
of your specimens when you first get them, the easier 
it will be for you to build up an attractive and 
scientifically-useful collection. 

It is not enough to find an attractive mineral 
specimen, carry it carefully home, place it in a display 
tray and forget all about it. Unless you keep a careful 
record of all the relevant details, you will very quickly 
forget many of the important and interesting details of 
your find. When you are out on an expedition, make 
sure you take field notes. Then, when you get home, 
write the notes up in a more permanent log, such as a 


your collection 
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computer database or mineralogist’s journal. Always 
have a master copy of your notes safe and dry at home. 
If you lose your field notebook, or it gets soaked in a 
thunderstorm, it could mean a wasted trip. Imagine 
how much worse it would be if you also lost your 
scientific data from all the other trips you'd ever made 
through carrying and damaging your main journal. 


Always keep a copy of everything 
you write. 

Label each individual specimen 
you put into your display tray. 


No respectable mineralogical collection should be 
without a detailed ‘history’ of each piece. You can 
record this on a computer database, or write it on a 
record card. The advantage of record cards is that they 
are easy to carry with you on a trip, and they can be 
rearranged in alphabetical order, or some other order 
that is of relevance to you (you may, for example, 


Good photographs of the terrain will help you to keep 
useful records of your field trips. 
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GROUNDWORK 


A Successful mineral hunters are always good map 
readers. Here, enthusiasts get their bearings in the field. 


decide to organise your collection notes in groups: 
Silicates, Oxides, Carbonates etc.). Your records should 
show the date and place a specimen was found, and 
other points of interest such as the names of your 
companions on the trip and the itinerary you followed 
that day, along with any other details you think may be 
relevant. These might include the weather, particular 
difficulties encountered along the way or while trying 
to extract the specimens from the earth, and tests used 
to confirm the identity of the mineral. 

If your collection is going to retain its interest and 
value for many years to come, you should do your best 
to note the type of rock surrounding each sample, the 
condition, quality and nature of the source material, 
particular geological details that might strike you when 
you are prospecting, and anything else you happen to 
think interesting or important. 

It is also useful to make sketches or take 
photographs of the terrain to add to your records, or 
collect in a journal or album (there probably won't be 
enough room for them on the record cards). If you do 
that, make sure you cross-reference the piece and the 
relevant image — that is, make a note on the record 
card of the fact that there is a picture in the journal, 
and make a note in the journal of the specimen to 
which the drawing refers. You may think you'll always 
remember, but it is unlikely. As the years go by, you'll 
either forget or get one expedition mixed up with 
another in your memory. 

It is also very important to record as accurately as 
possible the exact locations of your finds. You can do 
this by marking your position on a topographical map 
of the area. You can use a compass to record the 
direction you are facing when taking a photograph. 


Mapwork 

A useful starting point for a field trip is a local tourist 
map of the area, or a guidebook. Some people 
discount these because they can be amateurish in their 
presentation and printing quality, but often an ‘inside 
tip’ based on local knowledge can save days of wasted 
effort looking in the wrong area. 

To be a good mineralogist you must be able to read 
a map. This is essential not only for fieldwork but also 
for the documentation that is to follow when you get 
home. There are two main types of map that will assist 
your research: 

1. Topographical maps — such as the Ordnance 
Survey maps — provide all the details of the terrain 
(the ups and downs, or ‘topography’) by means of 
conventional symbols, a key to which accompanies 
every map sheet. They also identify local quarries 
and mines. 

2. Geological maps are another useful reference 
source, depicting the nature of the rock formations 
that have evolved in a particular location, along 
with their special characteristics, in different colours 
and symbols. 

The best way to understand what the maps are 
telling you is to go out onto the site and compare what 
you can see around you with the symbols, colours and 
other data represented on the map. 

Be patient and after a while the map will become as 
clear to you as a book. 


Compass and altimeter 

These instruments are not strictly indispensable, but 
they can be extremely helpful to the mineral hunter, 
especially when you need to discover and/or record 
your location more accurately than by a triangulated 
map reference. 

A compass is a magnetic needle that is free to rotate 
on a horizontal plane. Its face is divided up into 360° 
and marked with the cardinal points, North, South, 
East and West. In the northern hemisphere, the needle 
of a compass will always swing to point to the 
magnetic north (this is slightly different from the 
geographical North Pole). A compass enables you to 
see which way you are facing so you can read the map 
quickly and correctly. 

Compasses are often sold with accessories built-in — 
mineralogists compasses usually have a clinometer, an 
instrument that measures the angle of slope, useful for 
checking the dip of mineral strata. This is a very good 
tool to have, but for the novice, a simple compass with 
no extras is adequate. 

Altimeters are rather costly. They are precision 
instruments that use radio variations in atmospheric 
pressure (pressure decreases as altitude increases and 
vice versa) to indicate height above sea level. 

GPS (Global Positioning System) receivers — 
electronic devices that use satellites to pinpoint your 
location — are now readily available and make it even 
easier to find out where you are. 


Stratigraphy and 
palaeontology are two 
of the tools that tell 
geologists about the age 
and nature of the rocks 
in the Earth's crust. 


here are many theories 

about what the Earth 

looked like and what it was 
made of millions of years before 
Man. The best evidence comes 
from the examination of fossils 
(palaeontology) and from 
mapping the layers or strata of 
rocks (stratigraphy). 


Stratigraphy is the study of rock 
strata, which provides a means of describing the 
relative age of rocks. To put actual dates on the rocks 
requires work which is included in the branch of 
geology called geophysics. By analysing the way in 
which radioactive elements decay, it is possible to 
calculate the age of certain rocks. 

We can say, in general, that older rock strata will 
always lie beneath younger rocks — that is, the later 
arrivals will settle down on top of older, pre-existent 
deposits. The only exception to this rule is when the 
layers — or strata — of rocks have been turned upside 
down. This is caused by movements in the Earth. 


Ancient ironstone rock, some 
2 billion years old, seen here as 
regular layers of hard rock of 
almost equal width (western 
Australia). 


The San Andreas Fault (near San 
Francisco, California, USA). 


Sometimes the relative ages of 
rocks can be worked out from 
their relationship with one 
another. If an igneous rock, 
which would have been molten 
when it was formed, is found 
next to a sandstone that has been 
altered by heat, we can deduce 
that the heat which altered it 
must have come from the igneous 
rock when it first arrived on the 
scene, so the igneous rock must 
be younger than the sandstone. 

Sometimes, movement within the Earth’s crust 
causes fractures in the strata, known as faults, and 
slippage along the line of a fault may be visible when 
the strata are exposed (in a cliff, for example). The San 
Andreas fault in California, USA, is a well-known 
example. Most earthquakes are the result of sudden 
movement along faults. 


Fossils are the evidence for past life on Earth, and the 
study of them is called palaeontology. A fossil is a relic 
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Geological time 


of some living thing that has been preserved in rock 

after its death. These relics can be small parts of a plant 

or animal — a leaf, a shell or a tooth, for example — or Era Period Epoch Age 

the whole body of a creature. Toons or 


Fossils are only found in sedimentary rocks, where 


mineral materials have been deposited, particularly at Cenozole = JL NP Holocene From aed 
the mouths of rivers or places where sediments have (Recent) 

been deposited in shallow seas. For any fossil to form, Pleistocene | 1.8 - 0.01 
favourable land conditions are necessary. A well-known Pliocene 5.3-1.8 
example of such conditions is in coal seams, which are Miocene 23-53 


renowned for the high quality of their plant remains. 
Imprints of flora that grew wild in prehistoric times 


are found in rocks, rather like flowers that have been Palaeogene | Oligocene 34-23 


pressed between the pages of a heavy book. Such rocks Focene 56 - 34 
were formed in what is known as the Carboniferous Palaeocene | 65 - 56 
period (360 million years ago). 

Fossils provide a fascinating record of evolution on Mesozoic | Cretaceous 442 - 65 
this planet over millions of years. It is by no means a — 206 - 142 
complete account, but even from the fragments we M. 
have discovered we have learned an enormous amount Teese indies: 
about thousands of species that arrived, developed, 
evolved and then died. Palaeozoic| Permian 290 - 248 

Palaeontologists have discovered that evolution is Carboniferous 254 - 290 
not a gradual, steady process, but a rather jerky affair. Devonian 417 - 354 
There were sudden extinctions when groups of iar M3 -417 
creatures disappeared, and times when fossils of 

different organisms suddenly appeared Orgpvician ces 
numerous different organisms su y app 
at particular levels in the strata. Cambrian 545 - 495 

Fossils can also be used to place the rocks into 

sequence, and rocks can be correlated from place to Pre-Cambrian time 4,500 - 545 


place when they contain similar fossils. 


Life on Earth is believed to have begun some " 
5,500 million years ago. The oldest fossils (of end 
single-celled micro-organisms) so far discovered — 4 
date from this time. It was during the earliest 
aeons of time that the Earth took shape and 
solidified. During the Proterozoic aeon, 
organisms with nuclei first appeared. It is, 
however, the last 500-600 million years of Earth's 
history which are of interest to geologists. 
These years are subdivided into eras, which in 
turn are subdivided into periods. The most 
recent periods are divided into epochs. 

The latest period is the Neogene, and 
the Holocene epoch of this period stretches 
from 10,000 years ago to the present day, 


1.8 million years ago: 
first examples of the genus Homo 
— early man (Pleistocene epoch) 


545 million years ago: 
first shelled animals appear 
(Cambrian period) 


2,500 million years ago: 
first multi-celled organisms 
appear (Proterozoic aeon) 


3,500 million years ago: 


preceded by the Pleistocene, which is when AA oem first single-celled mico; 
early man first walked the Earth. The first . "EN ae a 
mammals appeared at the start of the Cenozoic i 4,500 million years ago: 
era, 65 million years ago. The age of the Earth's mantle and crust begin to 
dinosaurs was the Mesozoic era, and lasted for take shape (Archaean aeon) 
180 million years: they existed for 100 times A spiralling depiction of the 

longer than the relatively short time that Man Earth's evolution. Each ring 


has been around. represents nearly 500 million years. 


Understanding the ways in which 

atoms and ions are distributed in 

crystals is vitally important to 
the sciences of mineralogy, chemistry, 
physics and related fields. 


rystal shapes are all around us: for example, 
you will find salt, sugar and bicarbonate of 
soda (baking powder) in the kitchen; and in 


the past you would have found Epsom salts 
(magnesium sulphate) in the bathroom and borax 


in the laundry room. 


The basic shape of a crystal is dictated by the atoms 
within it. Every crystal is made up of millions of tiny 
individual atoms structured in a particular shape. 
These shapes are called unit cells. 

The shapes of the unit cells are repeated over and 
over again in all directions, and together they form a 
geometric pattern. This gives the crystals their 
distinctive outward shapes. The surfaces that we see are 


€ called crystal faces. 


Symmetry is a fundamental property of crystals — 
that is to say, without a distinctive symmetrical shape, 
a crystal is not worthy of the name and cannot 
correctly be described as such. 


Unit cells 


As we have already discovered, the seven main crystal 
shapes (crystal systems) are cubic, monoclinic, 
triclinic, tetragonal, orthorhombic, hexagonal and 
trigonal. The main method by which scientists assign a 


crystal to one or other of 
these systems is to work 
out its symmetry. 

A primitive unit cell 
of the cubic system — 
like halite (rock salt), for 
example — has lattice 
points only at its 
corners. Lattice points 
are rather like the 
corners on a piece of 
scaffolding — they give 
the overall structure its 
characteristic shape. 

€ These points cannot be 
altered or moved. 

In some of the other, 
more complicated 
systems, lattice points 
may occur elsewhere in 


A A goniometer is used to measure the 
angles between crystal faces. 


DISCOVERY = . (1 


A The primitive unit cell structure of sphalerite (ZnS). 
The red balls represent zinc atoms, the white, sulphur. 
Note the atoms at the lattice corners of the unit cell. 


the structure: they may be in the centre of the cell 
(body centred) or on all faces (face centred). The 
rhombohedral unit cell, which is only found in the 
hexagonal crystal system, has two additional lattice 
points inside each cell. 


Elements and compounds 

Crystals develop from many different liquids, 
including magma, lava and hydrothermal fluids. As the 
liquids solidify, different elements in them combine to 
make crystals of minerals. It is not only chemical 


v Triangular faces of pyrite crystals in the 
cubic system. This demonstrates that the 
crystal symmetry may not be what it 
appears at first sight. 
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The symmetry of crystals 


compounds like halite (sodium chloride, rock salt) that 
have crystal systems. Materials made of a single 
element may have them too, provided, of course, that 
they are solids, not liquids or gases. Native elements 
that have crystal structures include silver and gold, 
although gold crystals are rare. 


Random formations 
If the crystal system of a particular material is not 
readily apparent upon examination, this may be 
because the visible structure is made up of even smaller 
crystals, packed together in random formations. These 
crystals are called crystallites — microscopic crystal 
units, which are the basis of crystalline material (they 
first develop from molten lava when crystallization 
begins). Sometimes they can only be identified by the 
use of X-rays in a process known as powder diffraction. 
The bending capacity (diffraction) of X-rays as they 
pass through crystals was first discovered in 1912 by 
the British physicist W.E. Bragg. In powder 
diffraction, the distinctive markings made by the 
material on an X-ray film are used as a sort of 
fingerprint from which the material can be positively 


ATOMIC BONDING 


Atoms can bond together in various ways to create 
molecules. There are four types of atomic bonding 
that are of interest to mineralogists: 


. Covalent bonding - in covalent bonding there is an 
overlap of the atomic orbitals (each of which has 
one electron). The strength of covalent bonding 
depends on the amount of overlap. The strongly 
bonded minerals have a high melting point. 
Diamond is an example of a covalent crystal. 

. Metallic bonding - an assemblage of closely packed 
positive ions. The ions in a metal can move easily 
past each other, so metals are malleable or ductile, 
or can deform plastically. 

. lonic bonding - the atoms are held by the 
attraction of positive and negative ions, as in 
halite, for example. Ionic bonding is often 
characterised by brittleness and poor conduction 
of heat and electricity. 

. Van Der Waals bonding - there is a weak attraction 
between atoms and molecules which don't have 
electrons available for the types of bonding 
described above. Such bonding is characterised by 
a low melting point and hardness. 


Discover more about atomic structure and bonding 
in future issues. 


identified, even from the tiniest sample. Scientists 
have a databank of previously identified crystals that 
can be compared with the new specimen under 
laboratory examination. 


Growing crystals 

In some cases, single crystal structures can grow large 
enough to be seen and identified on their own. 
Examples include naturally occurring gemstones and 
ice, which can form in single crystals so long as the 
water freezes slowly enough. What is more, crystals can 
be grown artificially under special conditions that 
cause them to have extremely regular shapes. 


UNIT CELL 


Two ways of representing the unit cell of halite, or 
rock salt (NaCD, showing the atoms and the way 
they are bonded. 


Schematic, with 
sodium atoms in 
red and chlorine 

atoms in blue. 


Q-w @ =a 


A more realistic 
representation, 
showing chlorine 
atoms larger 
than sodium 
atoms. 
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more than 5,000 years. 


Although some crystals are of gemstone 


quality, cassiterite's main use is in 


industry as the principal source of tin. 


malleable — this means that it can easily 
A. be rolled, pressed or hammered into 
very thin sheets. 
Among many other functions, tin is used to 


] ^in is a soft and shiny metal that is very 


protect iron, steel, copper and other metals from 


corrosion (e.g. the rust that forms when iron is 
exposed to moist air). This is done through 


coating the metals with tin in a process known as 
electroplating. Compounds of tin are used as colour- 
fixers (mordants) in dyeing. Another use for tin is 

in the preparation of float glass (the most common 
type of glass used for windows): in a process developed 
by Sir Alastair Pilkington in the 1950s, molten glass is 
floated onto a bath of molten tin. When the glass 


solidifies it forms a flat sheet. 


Ancient history 


The name cassiterite comes from the Greek word 
kassiteros, meaning tin. However, it was not used to 


Brown or black cassiterite 
has been known to man for 
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Cassiterite is a member of the oxide group. It is one 
of the few tin minerals, and the principal source of 
that metal. Often, cassiterite also contains small 
quantities of iron, and rare elements like tantalum | 
and niobium. 

Cassiterite crystals belong to the tetragonal 
system and generally appear as squat prisms. They 
often end in twin pyramids (called bipyramids) and 
are sometimes long and thin, with vertical striations 
along their faces. Cassiterite crystals are frequently 
twinned. 

When it does not occur in distinct crystals, 
cassiterite is found in rounded shapes: this 
weathered form is known as stream tin. 


A Prismatic crystals of cassiterite. Cornwall was a major 
source of the mineral for centuries. 


4 Needle-shaped crystals of cassiterite from the Dalcoath 
Mine, Camborne, in Cornwall. This area of Britain used to 
be a major tin producer - the tin mines were known as 
stannaries. However, the cost of mining tin there is no 
longer justified, due to its low price on the world market. 


K 


industrial mineral 


describe the mineral until 1832, when it was 
introduced by the French scientist F.S. Beudant. The 
mineral itself, which was formerly called tinstone in 
English, has been known since the Bronze Age, more 
than 5,000 years ago. 

The ancient Greeks called their main source 
of tin ‘the Cassiterite Islands’. No-one knows the 
exact location of these islands, but the term may 
be a reference to Ireland and England, and Cornwall 
in particular, which the Greeks certainly knew, 
and which remained a major source of tin until 
the 20th century. 


v Bipyramids of cassiterite from Mwaka, Rwanda. 


| 


FACT FILE 


CASSITERITE 


Group: Oxides 


Crystal system: Tetragonal 
Chemical formula: Sn0; 


Hardness: 6—7 
Density: 7.0 
Cleavage: Indistinct 


Fracture: Subconchoidal to uneven 


Colour: Brown to black 


Streak: White, grey or brown 


Lustre: Adamantine 


Fluorescence: Absent 


v Large twinned crystals of cassiterite 
from Panasqueira, Portugal. 


< Y A bundled aggregate of cassiterite 
that was extracted from a mine near 
León in Guanajuato State, northern 
Mexico. 


Cassiterite is found mainly in hydrothermal veins in 
pegmatite rocks, Or in greisen - a form of granite 
that is made up of quartz and white mica. Among 
the minerals that occur in association with 
cassiterite are arsenopyrite, bismuthinite, 
chalcopyrite, topaz, tourmaline and wolframite. 
Cassiterite is found in Australia, Bolivia, the Czech 
Republic, Finland, France, Germany, Malaysia, Mexico, 
Namibia, Portugal and many parts of the USA. In 
Britian there were once very large amounts of 
cassiterite around St. Agnes, Callington, Camborne, 
St. Just and St. Austell in Cornwall, but those which 
were economical for mining have been exhausted. 


ORIGINS and DISTRIBUTION (% 49% 


Dark blue in colour and 
iridescent, covellite 
crystals are highly prized 
by collectors. When covellite occurs in 
abundant quantities, it is mined for its 
copper content, which has many 
industrial uses. 


ovellite (or covelline, as it is also known) is a 

striking blue because it is composed of copper 

sulphide. Like many other minerals with 
copper content, it is iridescent (it reflects all the 
colours of the spectrum in certain lights), so it does 
not always look completely blue. 


Copper content 
When it occurs in deposits that are sufficiently 
plentiful to make mining worthwhile, it is exploited A Covellite crystals on a base of pyrite (Bor, Serbia). 


commercially for its copper content. 

haere: ORIGINS and DISTRIBUTION &“& 
identified in the blue crusts of NX 
the vents (fumaroles) of f t P udi E "S Covellite is both a primary and a secondary mineral. 
j EM) Asa primary mineral it occurs in hydrothermal veins 


* ow that originally formed at high temperatures. 
: When it is a secondary mineral it develops 


Covellite was originally 


> Covellite crystals, 
again on pyrite. This 


specimen in association with chalcopyrite, 
comes from bornite and chalcosine (also 
Butte in known as chalcocite). More 


Montana, rarely, it originates as a 
mineral that has been 
deposited by direct 
cooling from a vapour. 
This process is known 
as sublimation. It was 
in this form that 
covellite was first 
discovered, having 


Fs. 


cooled and 
7 M solidified after an 
© EN eruption of Mount 
) EV. : Vesuvius near 
br Naples in Italy. 


MP 
X E Covellite is also 
c3 


found in various 

parts of sardinia, 
Argentina, Bolivia and 
Chile, and in Montana, USA. 
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A Crystals of covellite 
from Calabona, near 
Alghero in Sardinia, Italy. 
The mine here used to be 
the world's main supplier 
of covellite crystals, but 
it is now defunct. 


Mount Vesuvius by Nicolò Covelli (1790-1829), the 
Italian mineralogist from whom it takes its name. 
When it occurs around volcanoes, covellite is a 
sublimation product — that is, a mineral that has been 
deposited by direct cooling from a vapour. More 
commonly, however, it is found as a secondary mineral 
that is formed through the action of oxygen on pre- 
existent deposits of copper sulphides. In such deposits, 
covellite is commonly associated with chalcopyrite, 
bornite, pyrite and enargite. The best crystals of 
covellite came from Calabona, near Alghero in 
Sardinia, but sadly the mine there has now been 
worked out and there is little left. 


Testing for covellite 

Covellite melts very easily, and produces a blue flame. 
It dissolves in hydrochloric acid. Despite its blue 
colour, its streak is dark grey. 


CHARACTERISTICS. ' 


Covellite is a sulphide of 
copper. In pure covellite, the 

| copper content reaches about 
two thirds, while the remaining 
third is sulphur. Crystals - 
which are rare - are very thin 
and tabular. Covellite's various 
tones of dark blue are usually 
enlivened by - and sometimes 
disguised by - a yellowish- 
bronze or reddish iridescence, 
which often has flashes of 
violet or purple. The thinnest 

| leaves of covellite are flexible. 


A. Covellite crystals from a copper mine in Summitville, 
Colorado, USA. 


FACT FILE 


COVELLITE 


Group: Sulphides 
Crystal system: Trigonal 


Chemical symbol: CuS 
Hardness: 17-2 

Density: 4.68 

Cleavage: Perfect basal 
Fracture: Uneven, brittle 


Colour: Blue-black iridescent 
Streak: Dark grey 
Lustre: Sub-metallic to dull 


Fluorescence: Absent 


f Libethenite 


Libethenite is a rare mineral. D espite its scarcity, libethenite can be found 


esoun oaea 


It does not have any in significant deposits, particularly in 
$ s E^ ids Libethen (now known as Lubietova), Slovakia 
industrial value, but is highly (from which the mineral gets its name), Russia, 


prized by collectors for its beautiful Democratic Republic of Congo and Arizona, USA. 
shiny dark green crystals. In the UK, it can be found in various parts of 


Cornwall and in Cumbria. 
TERISTICS ` 


Libethenite is a phosphate of 
copper. It is very similar to 
olivenite, and the two minerals 
are hard to distinguish from 
one another with the naked 
eye. Libethenite has a 
characteristic dark green 
colour, sometimes with olive 
tones. It is transparent or | 
translucent, and has a glassy or 
resinous lustre. 

It has no appreciable 
cleavage, and is rather soft, 
rating just 4 on the Mohs Scale. 
If warmed over a bunsen | 
burner in a closed test tube, it | 
becomes black and develops a 
vapour that condenses in 
minute droplets on the sides of 
the tube. 

It is soluble in acids and in 
ammonia. With ammonia, the 
resulting solution is blue. 
Libethenite crystals are 
generally 8-sided, prismatic, 
short and squat. They belong 
| to the orthorhombic system. 
The crystals are sometimes 
elongated and joined together 
in crusts. 


< A cluster of libethenite 

crystals from Kakanda in Shaba 
Province, Democratic Republic 
of Congo. 
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AY Crystals of libethenite. The mineral can be found in 


parts of Cornwall. 


FACT FILE 


LIBETHENITE 


Group: Phosphates 
Crystal system: Orthorhombic 


Hardness: 4 

Density: 3.9-3.97 

Cleavage: Indistinct 

Fracture: Conchoidal to uneven 
Colour: Dark green to black 
Streak: Olive green 

Lustre: Vitreous to resinous 
Fluorescence: Absent 


Similar mineral 

The appearance of libethenite is similar to olivenite, je 
making it hard to tell them apart, but olivenite 
contains arsenic (and so is known as an arsenate), 
while libethenite contains phosphorus (a phosphate). 
The key to distinguishing them is that olivenite, with 
the chemical formula Cu;(AsO)OH, is soluble in 
acids and produces a garlic-like smell when heated. 
This does not occur with libethenite. 


ORIGINS and DISTRIBUTION ( 


Libethenite is a secondary mineral that develops as 
a result of some chemical change in pre-existent 
minerals. 

In England it can be found in copper-bearing ore 
deposits in Redruth and Liskeard in Cornwall, and in 
Cumbria. It is also found in Montebras in the Central 
Plateau of France; the area of Eisenberg, Thuringia, 
in Germany; Libethen, Slovakia; Russia; Democratic 
Republic of Congo; and California, USA. 


AY Libethenite crystals from Rokana Mine, 
Zambia. 


GEMSTONES 


{Smoky quartz 


A specimen of beautiful 
smoky quartz is a fine 
addition to any collection. 
The smoky effect can be due to a 
number of natural influences. 


moky quartz is translucent and usually takes on 

brown shades. Black specimens are called 

morion. Smoky quartz is sometimes known by 
the alternative name cairngorm, after the mountain 
range in Scotland. The origin of the word quartz itself 
is likely to be the German equivalent, quarz, which in 
turn comes from the Slavonic kwardy, meaning ‘hard’; 
some sources suggest it is derived from the old Saxon 
word, querkluftertz, meaning ‘cross-veined ore’. 


> A fine cluster of prismatic 
smoky quartz crystals on 

a base (matrix) of 
metamorphic rock 

(St Gotthard, 

Switzerland). 


Pure quartz is a clear and colourless mineral. It 
is altered to brown, semi-precious smoky quartz by 
radiation generated through the breakdown within 
the Earth of various radioactive elements such as 
uranium, or by the presence of tiny manganese 
impurities. However, despite the important role 
played by radioactivity in the formation of many 
specimens of this gemstone, it is no longer unstable 
and is not dangerous. 


The cut 

Like all forms of quartz, the smoky variety is cut in 
many different ways, depending on the exact structure 
of the crystals and the desired effects. It is often cut in 
facets or polished into the smooth, domed cabochon 
shape. It may be tumbled into beads or cut to make 
sunken designs called intaglios. The preferred cutting 
angles are 40° to 50° along the crown and 43° along 
the pavilion surface of the crystals. (For a more 
detailed explanation of gem-cutting terms, see 


Discovery 11-14.) 


Famous examples 

Some crystals of smoky quartz grow to an enormous 
size. There are many such specimens all over the 
world, but the finest collection is probably at the 


CHARACTERISTICS 


Like all forms of quartz, each 
molecule of the smoky variety 
is made up of one atom of 
silicon combined with 
two atoms of oxygen. 
It is thus a member 
of the oxide group 
of minerals - an 
oxide of silicon. 
Crystals of smoky 
quartz conform to 
the trigonal system of 
symmetry. Externally, 
they are usually pyramid 
shaped or take the form of 
six-sided prisms. Smoky 
quartz will turn yellow when 
it is heated to between 300 
and 400°C. 
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GEMSTONES | 


A Smoky quartz cut as a hexagon. 
This gem weighs 9.8 carats (one 
carat = 0.29). The original stone from 
which this specimen was fashioned 
came from the Sinai Peninsula 


(Egypt). 


A Amagnificent prism of smoky 
quartz with a pyramidal 
termination from Ossola, Novara 
(Italy). 


> Smoky quartz 
from Mont Blanc 
(Switzerland). 


Museum of Berne (Switzerland). The largest specimen 
there weighs 133.5kg; it is 69cm long and has a 
circumference of 122cm at its widest point. Another 
crystal in the same collection, known as Der Kénig 
(‘The King’) weighs 127.5kg and is 87cm long with a 
maximum circumference of 100cm. Two other 
specimens in the same collection, “Castor and Pollux’, 


weigh 67kg and 62.5kg respectively. 


Tests and treatment 

Like all forms of quartz, smoky quartz is insoluble 
in everything except the powerful and dangerous 
hydrofluoric acid. It should not be heated, because 
this may cause it to lose its colour, and rapid cooling 
may make it crack. 


Chemical formula: SiO, 


Smoky quartz is found 
mainly in cavities in 
pegmatites and other 
rocks that have 
formed through 
igneous activity deep 
beneath the surface 
of the Earth. Some of 
the finest deposits of 
smoky quartz are 
found in the following 
countries: Brazil, 
Egypt, Italy, 
Madagascar, Scotland, 
South Africa, Sri Lanka, 
Switzerland, and the 
USA. 


FACT FILE 


SMOKY QUARTZ 


Group: Oxides 
Crystal System: Trigonal 


LL 


Hardness: 7 


Density: 2.65 
Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Brown to black 
Streak: White 


Lustre: Vitreous 


Fluorescence: None 


THE ART OF COLLECTING 


Y 4 New collectors can learn a great deal from visiting 
mineral shops, where they can view a wide variety of 
specimens at close quarters. 


How to acquire 
minerals 


The selection of minerals in the 
Treasures of the Earth collection is a 
great introduction to the hobby of 
mineralogy, but you might want to 
extend your collection. This article 
explains some of the alternatives. 


collection can be built up in several ways: by 
purchasing specimens from specialist dealers, 
either in shops or on-line; by trading with 


other collectors; or by venturing into the field to find 
specimens yourself. 


Purchasing specimens 
Purchasing from specialist shops and craft fairs is 
a common route to building up a sound mineral 
collection, and there are several advantages to 
this approach. 

In the first instance, you will be able to verify 
that the specimens you buy are properly identified. 
Properly accredited dealers will know their minerals. 
You may be able to discuss the specimens with 
someone who knows and understands the subject, and 


sje&Jeuiul 9JinDoe 03 MOH 


How to acquire minerals - 


perhaps glean some useful tips on some of the 
minerals on display. Regardless of whether you buy or 
not, you can observe many minerals at close quarters. 

If you buy from shops or craft fairs, remember it is 
very important to make sure that any samples you 
purchase come fully labelled and show their source. 
This makes for a more scientific collection. Some 
collectors would prefer to buy a small or poor quality 
piece that is accompanied by a full account of where 
it came from rather than a beautiful specimen that 
they know nothing about. 

In addition to shops and stalls, don’t forget that 
you can sometimes buy mineral samples at the mines 
and quarries from which they have been obtained. 
One of the advantages of going close to the source is 
that the staff may be able to give you more interesting 
background information on the pieces. You will also 
find out more about the local geology. Furthermore, 
specimens can be less expensive direct from the site 
than from specialist stores in towns, which may need a 
large mark-up to cover their costs. 


Swapping specimens 

This is a less costly way to shape your collection — but 
of course you will need specimens to swap in the first 
place. If, for example, you have collected several 
specimens of the same mineral, perhaps from a mine 
spoil tip, this is a good starting point. 

It is useful to visit collectors conventions and 
exhibitions, where you can meet other enthusiasts, 
and possibly make contacts for bartering with in 
future. Many people will be more than happy to 
discuss their collection with you, and they may even 
be prepared to let you have some of their own 
minerals that are surplus to their needs. 


Internet connections 

You will find many useful sources of minerals on the 
internet — either businesses with interesting websites 
or on auction at sites like eBay. If you are tempted to 
buy specimens in this way, always make sure that the 
transaction is safe: eBay, for example, carries references 
from previous ‘happy customers’, and some businesses 
who deal on eBay will only handle “Pay Pal’ 
transactions, for everyone's security. 

If you are buying on the internet, or through mail 
order, make sure that you know exactly what is on 
offer. As with purchases from shops, you should try to 
buy items that have details of where they came from, 
and, of course, you should be sure that you know 
what size the specimen is — photographs can be 
misleading, so detailed measurements are essential. 


In the field 

If you prefer the challenge of collecting specimens 
yourself in the field, the Groundwork section of 
Treasures of the Earth will give you plenty of ideas for 
where to go and how to collect, protect, store and 
record your specimen collection. 


A Make sure any samples you acquire, whether from a 
shop, swapping with friends or enthusiasts, or buying 
on the internet, are clearly labelled. It'S a good idea to 
create a database or spreadsheet on your computer to 
record the details of your collection. 


USEFUL ADDRESSES 


If you want to find out where there are reputable 
dealers, it is worth contacting The British Lapidary 
& Mineral Dealers Association. You can visit their 
website at 

http://www.blmda.com/ 


There you will find lists of registered dealers, and 
details of fairs organised on behalf of the members. 
Many of the dealers also have links to their own 
websites, which you can access from the BLMDA site. 


Another source of inspiration for collectors is 
museums. If you live near London, or are planning a 
visit there, the Natural History Museum in Cromwell 
Road, London SW7 (South Kensington tube station) 
is a great place to visit. It not only has an extensive 
collection of some of the rarest and most beautiful 
minerals, it also has a museum shop which stocks 
fine-quality specimens. 


DISCOVERY 4 | 


- The colours of 
minerals 


The colours of minerals are often striking and attractive. Here we bring you 
a description of some of the most distinctively coloured minerals. 


olour and light, and the Way we see colours, are 


branches of physics, and the reasons that 

different minerals appear as different colours 
are complex, and will be featured in a future issue. 
However, the range of colours seen in minerals and 
gemstones adds to the fascination of a collection. 
Particularly vivid or unusual colours can greatly 
enhance a mineral display. 

Among the most striking crystal colours are the 

reds of proustite, cinnabar and realgar; the bright 


Some of the many colours of minerals: 
A< The intense blue form of hemimorphite. 

4 The characteristic bright orange of crocoite. 
A A brilliant yellow specimen of mimetite. 
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The colours of minerals 


oranges of crocoite; the yellows of 
orpiments and sulphur; and the 
splendid yellow-green hues of 
autunite and other secondary 
minerals of uranium. Dioptase and 
emerald are bright green; lazurite, 
chrysocolla and azurite are blue; 
while amethyst and fluorite are 
known for their violet hues. 


A world of colour 

Some crystals have soft, delicate 
colours, like the pink of kunzite, or 
the pale blue of celestite. By 
contrast, oxides and sulphides are 
often bordering on black. 

Some minerals are one colour 
when we look at a specimen, but 
leave a different colour streak when 
rubbed on a white unglazed 
porcelain tile. The colour of the 
streak shows what colour the mineral 
will be if it is ground to a powder. 
For example, hematite, a common 
iron oxide, is usually black in crystal 
form, but leaves a red streak. When 
it is finely ground, it can be used as a 
pigment, and has been widely used 
by artists since ancient times. The 
‘streak’ characteristics of minerals 
will be discussed in a future article. 


Idiochromatic colour 
Many minerals have a variety of 


A A specimen of elbaite, the green 


form of tourmaline. The pink 
shades in the specimen are 


rubellite, another form of 


tourmaline. 


colours, but others, known as idiochromatic minerals, 
are always the same colour. Malachite, for example, is 
always a rich green colour, due to its composition. 
Minerals containing copper are almost invariably 
shades of green or blue; minerals containing cobalt are 


generally blue; chromates (such as 
chromatite and crocoite) are shades 
of red or orange. 


Allochromatic minerals 
Allochromatic minerals are those 
which have different colours 
according to the presence of traces 
of other elements, or due to 
particular formations within the 
crystals, that are not part of the 
basic chemical make-up of the 
mineral. For example, quartz may 
be a wide variety of colours from 
colourless or white to pink, yellow, 
blue, violet or brownish-black. 

The presence of a particular 
element does not always have the 
same effect on colour: ruby is a 
form of corundum that gets its red 
colour from the presence of 
chromium, but emerald (a type of 
beryl) also gets its green colour from 
the presence of chromium. The 
blueness of sapphires is due to the 
presence of iron and titanium in 
corundum. 


Identification by colour 
The colour of a mineral alone is 
not enough to make a positive 
identification of a specimen. 
Although it is a useful first clue, it 
is also necessary to consider other 


factors such as lustre, density and cleavage. In most 
cases, laboratory tests (with heat, acids, and so on) are 
necessary for identification. 

However, colour is a useful guide, and may give 
some clues to the chemical composition of a mineral. 


< Although this 
specimen is 
grey-blue, 
barite may 
take ona 
wide variety 
of different 
colours. 


> A piece of cuprite - which % 
is coloured red by its copper Ti 
content - covered with a layer 1 
of malachite, another copper 
compound which is green. 


he Earth's atmosphere is divided into five main 

layers: the outer exosphere (extending to 

10,000km above ground), the ionosphere (from 
about 70km above the ground), the mesosphere, the 
stratosphere (about 10—50km above sea level) and the 
troposphere where we experience ‘weather’. These 
layers have several subdivisions. 

In the exosphere there are two zones known as the 
Van Allen radiation belts. These were discovered in 1966 
by Explorer I, the first US artificial satellite, and named 
after James Van Allen, the American physicist who 
developed the on-board instruments that detected them. 


The Van Allen belts are situated between 1,000 and 
6,500km above the Earth’s surface, in an area that is 
called the magnetosphere. 
These belts are made up of 
high-energy particles called 
protons and electrons, that 
may originally have been 
emitted by the Sun during 
one of its periodic flare- 
ups. They travelled 
through space and were 
then captured by the 
Earth’s magnetic field. 
When these protons 
and electrons enter the 
Earth's atmosphere they 
collide with air molecules 


Altocumulus clouds, often known as a mackerel sky. 
Cirrus clouds occur in slowly ascending air over a wide 
area. They are the first clouds to appear when a warm 
front approaches, heralding more clouds and rain. 


THE STORY OF THE 


EARTH 


and give off a radiant shine (luminosity). This 
luminosity gives rise to auroras. Auroras are sometimes 
visible as various shapes and colours in the night sky, 
mainly, but not exclusively, within the Arctic and 
Antarctic Circles. Those near the North Pole are called 
the Aurora borealis, or Northern Lights, and those near 
the South Pole are called the Aurora australis, or 
Southern Lights. Auroras are not fully understood, but 
their appearance is related to periods of activity on the 
surface of the Sun, when dark sunspots indicate that 
violent solar magnetic storms are occurring. 

The magnetosphere protects the Earth from 
harmful radiation, which it absorbs, and from 
meteors, most of which burn up and disintegrate on 
contact with it and are thus prevented from going on 
to hit the surface of the Earth with potentially 
catastrophic results. 


The mesophere lies 
between the ionosphere 
and the stratosphere. 

At its lowest levels (about 
50km above sea level), 

it is rich in ozone 
(chemical formula O3), 

a gas that is formed by the 
action of the Sun's 
ultraviolet rays on the 
oxygen (O3) in the 
atmosphere. 
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The atmosphere and clouds 


Closer to Earth, at up to about 10km, is 
the troposphere. The main characteristics 
of the troposphere are the weather and 
clouds. Clouds are aggregates of minute 
particles of water (often in the form of 
ice) suspended in the air. They form when 
air that contains water vapour cools below 
a certain temperature and condenses into 
droplets on microscopic dust particles 
(condensation nuclei) in the atmosphere. 
This cooling process occurs when air rises; 
for example, as it moves over mountains, 
or when a mass of cold air comes up 
against a warm air mass. The temperature 
at which water vapour in the air becomes 
saturated and condensation starts is 

called the dew point. It is normally 6°C. 


Clouds are classified according to their 
appearance, altitude and composition. 
All clouds are formed in particular 
atmospheric conditions, often connected 
with weather fronts where masses of 
warm and cool air meet, and they can 
therefore be used as a means of weather 


forecasting. 


the highest clouds. They are generally 
white, delicate and fibrous in appearance, often 
described as mares' tails. They are made of ice crystals. 


high layers of cloud - wispy sheets of 
cirrus clouds. 


tiny clumps of high, puffy cloud, often 
with the appearance of ripples. 


medium-height clouds. Layers of cloud, 
often with dark, shadowy bases. 


medium-height clouds which form in 
puffs or rolls, with a dark, rippled effect. 


formed by thick cumulus clouds, which 


Fair weather clouds: fluffy 
cumulus clouds, with wispy cirrus 
clouds overhead. 


Threat of thunder: the anvil 
shape of a cumulonimbus cloud 
developing from warm, damp air. 


Why does tea stay in its cup? Partly because of gravity, but partly 
also because of the weight of air on the surface of the tea. This 
weight of air is called atmospheric pressure. Atmospheric pressure 
varies according to height above sea level and weather conditions, 
and it is measured using an instrument called a barometer. There are 
two types of barometer - mercury and aneroid. 

The mercury barometer was invented by the Italian physicist 
Evangelista Torricelli (1608-47). It consists of a glass tube, filled with 
mercury, that is sealed at the top. The open end stands in a bowl of 
mercury. Atmospheric pressure on the surface of the mercury in the 
bowl supports the column of mercury in the tube. At normal sea 
level and 0°C, the column of mercury in the tube will stand 760mm 
above the level of the mercury in the bowl. If the level of the 


mercury goes up, atmospheric pressure is 
rising, a sign of fine weather. Falling 
atmospheric pressure indicates unsettled 
weather is on its way. 
An aneroid barometer (left) measures 
atmospheric pressure without liquids 
(aneroid means "without wetness"). It 
comprises a metal box, partially 
emptied of air, which is sensitive to 
changes in pressure. The change in 
pressure is transferred to the dial by a 
system of levers. 


spread out in layers. Aircraft fly above the level of 
stratocumulus cloud, to avoid turbulence. 


thick puffy clouds, looking like cotton wool 
or cauliflower, with a flat base. If they merge they 
indicate rain is on its way. 


the nimbus part of the name means 
rain: these clouds bring very heavy downpours. In 
certain conditions, they may build up to tremendous 
heights and flatten at the top - a sign of thunderstorms. 


: thick layers of characterless cloud, often with 
steady rain. If you are in stratus, it is like being in fog. 


low, heavy rain clouds. 


Nimbostratus clouds create a 
dark, threatening atmosphere. 
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Beautiful celestine is a primary 
source of the metal strontium, 
which is used in the making of 
fireworks and flares. 


elestine (also known as celestite) is a fairly 

common mineral. It can appear in a wide 

variety of colours. It was first discovered in 
Sicily in 1781, but the finest examples now come 
from the USA. 

After its discovery in Sicily it was a further 18 years 
before it was named, by the German mineralogist A.G. 
Werner. The name derives from the ‘celestial’ sky blue 
colour which it sometimes has. Celestine crystals as 
long as 10cm are not unusual. 


> Splendid celestine crystals on sulphur, 
from a mine in Enna, Sicily. 


T Taniy 


present, celestine may fluoresce under ultraviolet light. 


The mineral occurs as elongated crystals and, 
although it is usually a greyish blue, it can be 
| colourless, sky blue, milky white, or brownish-yellow. 
| Celestine is a fairly soft mineral, measuring 3-37 on the 
| 


elestine 
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Mohs Scale of hardness. It is easily scratched with the 
blade of a penknife. The mineral is nearly four times 
heavier than water and is often transparent, with a 
vitreous lustre. It is insoluble in acids. 

Like all strontium compounds, celestine burns 
with a red flame and becomes carmine red. It may be 
fluorescent and thermo-luminescent - that is, when 
celestine containing elements other than strontium is 
exposed to ultraviolet rays or heat, it emits a luminous 
radiation. The colour of this radiation depends on the 
type of impurity in the mineral. 

Celestine shows weak pseudomorphism. Through a 
process known as substitution, it can replace the 
chemical constituents of the mineral calcite. As a result, 
the celestine takes on some of the characteristics of 
calcite, and is said to be pseudomorphed after calcite. 

A test for celestine is to gather the mineral's 
powder on the end of a platinum thread, wet it with 
hydrochloric acid and hold it over the flame of a bunsen 
burner. The flame will turn red because of the presence 
of strontium. Such a test should only be conducted 
under supervised laboratory conditions. It confirms the 
presence of strontium, but doesn't prove that the 
mineral is celestine. 


4 Celestine crystals in a rock cavity, from Madagascar. 


Industrial mineral 


A Pale blue crystals of celestine from Madagascar. 


Y Double-ended crystals from Enna, Sicily. 


A Needle-like crystals from 
Ancona, in Italy. 


< Yellow-brown crystals from 
Poland. 


> ‘4, ORIGINS 
industrial uses 2m 
Celestine is an important 
source of strontium, an 
element that is used in the 
manufacture of tracer 
bullets, flares, fireworks, 
ceramics, frosted glass and 


Some celestine has 
hydrothermal origins - 
it is to be found in 
rocks, such as granite 
and pegmatite, that 

> were formed at very 
high temperatures. It 


varnishes. occurs in seams that 
contain the minerals 
PRACT FILE — ME galena,sphalerite and 
other sulphides. It 
CELESTINE often occurs in geodes. 


Blue crystals are found in 
‘basalt rocks in Vicenza, Italy, and in geodes in 
pegmatite rocks in Madagascar. In Sicily, celestine 
occurs in gypsum and sulphur deposits. Blue crystals 
are also found at San Luis, Potosi, in Mexico. 
Industrially-exploitable deposits are found in 
Russia, Turkestan and Tunisia. In the United Kingdom, 
celestine is found around Yate in Gloucestershire. 
The largest celestine crystals are found in the USA. 
They are white, measure up to 75cm in length, and 
weigh more than 2kg. 


Group: Sulphates 

Crystal system: Orthorhombic 
Chemical formula: SrSO, 
Hardness: 3-37 

Density: 3.97 

Cleavage: Perfect basal 
Fracture: Uneven 


Colour: Colourless, grey, pale blue, yellowish, brown 
Streak: White 
Lustre: Vitreous 


Fluorescence: Absent (unless impurities are present) 


The best-known forms of 
corundum are the precious 
gemstones ruby and 

sapphire, but ordinary 
corundum is used as an abrasive 
because of its great hardness. 


fter diamond, corundum is the hardest natural 

substance on Earth, and only diamond can 

scratch it. This hardness (chosen by Friedrich 
Mohs as the ninth step on his scale of hardness) means 
that it is in demand for a range of purposes. 


Industrial uses 

In industry, it is used either in fragments, obtained by 
breaking down massive corundum, or in the impure 
form, emery. Emery is a hard grey-black rock that is 
made up of a mixture of corundum, magnetite and 
hematite. It is used for rubbing and grinding and as a 
polishing agent, especially as a coating on other 
materials, as found in emery boards (for care of the 
fingernails) and emery paper (for rubbing down 
wood and paintwork in DIY). 

Corundum is still in widespread use, even though 
today there are cheaper artificial alternatives like 
Carborundum. Carborundum is the trade name of 
several types of abrasive material, especially those that 
contain the chemical compound silicon carbide. 

Corundum can also be used to make bearings for 
clocks and other precision instruments. Because of 
their great resilience, corundum parts wear down 
much more slowly than parts made from softer 
materials. 


Colours and gemstones 

Corundum can be many colours including red, 

blue, yellow, green and pinkish-orange. It can be 
transparent or translucent. The name corundum 

is generally used, however, to refer to the non- 
transparent, brown forms. The different forms owe 
their colours to the presence of other elements within 
the mineral: ruby's redness is due to the presence of 
chromium; sapphire’s blueness is due to iron and 
titanium. A lack of impurities in corundum gives rise 


> A fine example of red corundum in 
hexagonal prismatic crystals from 
northern Mysore, India. 


| Corundum is a member of the oxide group of 
minerals. It is made up of alumina (aluminium oxide), 
53% of which is metallic aluminium. When it is pure it 
is colourless, but it can assume different colours when 
it has other elements - such as chrome, iron or 
titanium - present in place of some of the aluminium, 
which is one of the normal chemical components. 

| Corundum scratches topaz and can itself be scratched 
only by diamond. Corundum has hexagonal crystals 
that usually form in steep twinned pyramids. It can be 
found in great masses and surrounded by grains of 
other matter. Corundum crystals are almost always 
twinned, but these twinnings can rarely be seen with 
the naked eye. When they are visible, dense layers 
(lamellae) can be seen arranged in striking, clearly 
formed geometrical shapes. Often it is fluorescent in 
ultraviolet light. Asterism is quite common, and is 
caused by the reflection of light from inclusions of 
very fine crystals of rutile. Corundum is insoluble and 
any acid may be used to clean it. 


A A perfect hexagonal crystal of corundum 
from Bozeman, Montana, USA. 


> > A crystal of 
corundum in 
bipyramidal form 
from Ratnapura, 
Sri Lanka. 


» Hexagonal crystal 
of corundum from 
Zimbabwe. 
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Group: Oxides 
Crystal system: Hexagonal 


Chemical formula: Al;0; 


Hardness: 9 


Density: 4.04.1 
Cleavage: None 
Fracture: Uneven or conchoidal 


Colour: Wide range of colours 


Streak: White 
Lustre: Vitreous to adamantine 
Fluorescence: Pink, red or orange (unusual) 


ORIGINS and DISTRIBUTION 


Corundum forms in rocks that have been subject to 
strong pressure and high temperatures - known as 
metamorphic rock. It is also found in rocks that 
have formed through consolidation of magma 
(igneous rock) in which there is little silica. 

Corunudum is found in Canada, in Madagascar 
and in the USA. Gemstone-quality corundum is 
extracted commercially in Australia, Burma, 
Cambodia, Sri Lanka, Thailand and Montana, USA. 
Emery comes primarily from Turkey and the island 
of Naxos in Greece. Colourless sapphire occurs in 
Sri Lanka. 


to colourless sapphires, which are very rare and 
consequently greatly prized as gemstones. 


History 

Corundum first became known to European scientists 
in the late 18th century when crystals of the mineral 
were brought over from China, where they were 
powdered and used as an abrasive. The word 
corundum itself comes from the Tamil word 
kurundam, which is related to the Sanskrit 

kuruvinda, meaning ruby. 


A A colourful corundum series from the basaltic rocks 
of Montana, USA. 


Hemimorphite is a common and widespread 

mineral. When it occurs in sufficiently 

large deposits, it is mined for its zinc content, 
which has many uses in industry. 


emimorphite can appear in many beautiful 

colours, but the most striking specimens are 

blue. It gets its name from two Greek words: 
hemi, meaning half, and morphe, meaning form. This 
is a reference to its unusual basic shape: the crystals are 
blunt at one end and sharp at the other. It is a very 
minor ore of zinc. 


Uses of zinc 

Zinc is a brittle bluish-white metallic element that 
chiefly occurs in smithsonite and sphalerite but also in 
other minerals, of which hemimorphite is one. When 
it is left in moist air, zinc acquires a corrosion-resistant 
layer and it is used in several alloys, particularly brass 


and nickel-silver. Zinc is also used in battery 
electrodes, in die-casting and for galvanisation — a 
process that provides metals with protective coatings 
by electrolysis or by dipping them in molten zinc. 
This is particularly used to protect iron from 
corrosion; because zinc is more prone to corrosion 


zd. 


Hemimorphite belongs to the silicate group of 
minerals. It contains 52.4% zinc, together with silicon, 
oxygen and hydrogen. It also has an attached 
molecule of water of crystallisation. Hemimorphite 
has orthorhombic crystals that are thin and tabular 
with vertical striations. Its crystals, though rare, are 
generally colourless, glassy, transparent and small. 
The different endings of the two crystal extremities 
can sometimes be seen - one end has a flat face while 
the other end is pointed. When it is struck with a 
hammer or subject to similar pressure, hemimorphite 
splits cleanly along the lines of its weakest planes - 
that is, it has perfect cleavage. It has a vitreous or 
silky lustre and a white streak. Hemimorphite is a 
secondary mineral that is generally found in the 
oxidised parts of zinc-bearing ore, where it appears 
as fan-shaped aggregates, or granular, stalactitic or 
mammillary masses with a fibrous structure. These 

A Clear hemimorphite crystals from Durango, Mexico. concretions can be white, yellow, brown or greenish- 
blue in colour. 

> A Translucent blue hemimorphite from Sardinia, Italy. 


Commonplace mineral 


A Clear brownish crystals of 
hemimorphite from the zinc mines 
in Santa Eulalia, Mexico. 


> A splendid blue specimen of 
translucent hemimorphite. Some of the 
best examples of this mineral can be 
found in the British Isles and the USA. 


Hemimorphite is a characteristic mineral found in 
areas with zinc and lead sulphide deposits. It is 
formed when zinc minerals react with water that is 


rich in silica. It is nearly always associated with 
smithsonite, cerussite and anglesite, which occur 
together in fan-shaped or granular masses and in 
stalactite forms. 
. Hemimorphite is widespread throughout the 
"world. In the mines of Mapimi and Santa Eulalia, 
Mexico, it is found in groups of colourless crystals 
that are joined together, often on a base (matrix) of 
“limonite. In the British Isles, hemimorphite is found 
"around Roughton Gill in Cumbria, where it occurs 
in needle-shaped (acicular) crystals and in teat- 
shaped (mammillary) crusts, and at Matlock in 
Derbyshire. The most notable of the many other 
deposits are those found in the states of Nevada 
and California, USA. 


i = =—ee 


HEMIMORPHITE 


Group: Silicates 


Crystal system: Orthorhombic 
Chemical formula: Zn,Si;0;(0H);.H;0 
Hardness: 44-5 

Density: 3.4-3.5 

Cleavage: Perfect 


Fracture: Conchoidal 

Colour: Colourless, white, pale blue, greenish or grey 
Streak: White 

Lustre: Vitreous or silky 


Fluorescence: Absent 


than iron, it is sacrificed to protect the iron, for 
example on garden planters and watering cans, which 
acquire an even, dull grey coating when weathered. 


Hemimorphism 

Hemimorphite is a secondary mineral; that is, it 
forms when other zinc-bearing ores are oxidised in 
the ground by air and water. It is also widespread in 
limestone deposits. It usually occurs in large, compact 
masses rather than as crystals, which are rare. 
Hemimorphite is often found in association with 
anglesite, cerussite, galena, smithsonite and 
sphalerite. When it occurs with great quantities of 
smithsonite and sphalerite, it is mined industrially 
for its zinc. 

A hemimorphic crystal is a crystal that has 
different forms at either end. Hemimorphite is not 
the only hemimorphic mineral — tourmaline is 
another well-known example. Confusingly, 
hemimorphite was the name formerly given to 
smithsonite in Britain and to calamine in the USA. 


Phosgenite is a rare mineral 
whose beautiful crystals 
are highly valued by 
collectors. It has an unusual 
chemical make-up and is sometimes 
fluorescent under ultraviolet light. 


hosgenite crystals may be colourless, white, 

yellow, brown and sometimes greenish or 

pinkish. Although prized by mineral collectors 
for their beauty and rarity, the crystals are not sought 
after for jewellery, probably because the colours are 
somewhat uninteresting. 

Phosgenite got its name from the fact that, 
coincidentally, it contains three of the same elements — 
carbon, chlorine and oxygen — as phosgene. Phosgene 
— otherwise known as carbonyl chloride — is a 
colourless gas with a smell that is not unlike newly 
mown hay. It was first obtained by Sir Humphrey 
Davy in 1812 by mixing the gases chlorine and carbon 
monoxide. Because a chemical reaction occurred when 
the gases were mixed in sunlight, the new gas was 
given its name from the Greek meaning ‘generated by 
light’. Phosgene was used as a poison gas in the 
trenches during World War I, and is now used in 
organic chemistry as a chlorinating agent. However, it 
should be noted that phosgene gas cannot be obtained 
from phosgenite. 


ORIGINS 


Phosgenite is a secondary mineral that 
forms when other minerals containing lead 
are altered in some way. 

Phosgenite is commonly found with 
other secondary lead minerals like anglesite. 
In Sardinia, crystals weighing over 45 kg 
have been found. Phosgenite occurs in 
needle-shaped crystals in quartz in 
California, USA. Microcrystals occur in 
Laurium (Greece) in cavities of rough, 
heavy masses of solidified lava (scoriae) 
that have been altered by sea water, in 
Tarnow (Poland), Tsumeb (Namibia) and 
in Matlock, Derbyshire, England. 


A Y The photographs on this page show phosgenite 
from Sardinia. The crystals were formed in the 
oxidation zone of lead veins. 


Famous examples 
A perfectly shaped, clear, light brown crystal of 
phosgenite measuring 11.5 x 11 cm was mined in 
Sardinia and now forms part of the Joaquin Folch 
Girona Collection in Barcelona, Spain. 

Other notable examples from Sardinia are 
displayed at the Civic Museum of Natural History 
in Milan, Italy. 
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Rare mineral 


Phosgenite is a member of the carbonate group of 
minerals - specifically, it is a chloro-carbonate of lead. 
Although it contains a very high concentration of 
lead (about 76 per cent), phosgenite is not used as a 
source of the metal because it is very rare and never 
occurs in deposits that are large enough to make 
mining commercially worthwhile. 

The crystals of phosgenite are often elongated 
and shaped like prisms with faceted faces and 
striations along their entire length. Otherwise, 
they tend to be squat in appearance and resemble 
table tops (tabular). 

Phosgenite is a soft mineral that registers only 
2-5 on the Mohs Scale of hardness - it can scratch 
gypsum but can itself be scratched by fluorite. 
Because it is very soft, it must be handled with great 
care to avoid damaging the delicate faces of the 
crystals. Phosgenite should not be cleaned with 
water because water tends to make the clear shiny 
crystals opaque. 

Like all lead minerals, phosgenite is quite heavy. It 
has distinct cleavage. When pieces of it are broken 


off, it leaves behind a surface pattern resembling that — 


of the outside of a sea shell (conchoidal fracture). 

Phosgenite can be colourless, white, amber 
yellow, brown, greenish, pinkish or occasionally 
greyish. It is sometimes clear and transparent and 
may be covered by a whitish patina of cerussite (lead 
carbonate). Some specimens of phosgenite take on a 
beautiful and striking yellow fluorescence when they 
are exposed to ultraviolet light. 


Phosgenite has a diamond-like (adamantine) lustre 


and its streak is always white. 
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PHOSGENITE 


Group: Carbonates 


4 Y Y Three examples of 
phosgenite from the mine of 
Monteponi, near Cagliari, 
Sardinia. The piece on the left is 
surrounded by crystals of lead- 
bearing anglesite, while the 
specimens in the photographs 
below clearly show the 
characteristic shapes of 
phosgenite crystals. 


Crystal system: Tetragonal 
Chemical formula: Pb;(CO;)Cl; 
Hardness: 24-3 

Density: 6—6.3 

Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Colourless, white, amber, brown, greenish, pinkish or greyish 
Streak: White 
Lustre: Adamantine 


Fluorescence: Yellow 


GEMSTONES 
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Rubellite is the name 
given to the pink or red 
transparent varieties of 
tourmaline. It is used in 
ornamentation and in industry. 


ed and pink rubellites - members of the 

tourmaline group of minerals — are among the 
: . most versatile treasures of the Earth. Because 
they are so beautiful and hard, they are sometimes 
used as gemstones and other forms of ornamentation, 
and because they have special electrical properties they 
are also essential components of some industrial 
pressure gauges. 


Like all forms of — when rubellite is 


subjected to mechanical stress an electrical charge 
passes through it and one end of the mineral takes on a 
positive charge while the other end takes on a negative 
charge. Because of this, rubellite is a component of a 


CHARACTERISTICS 


Rubellite is a member of the tourmaline group of 
minerals and of the silicate group. It is a boro- 
silicate, a complex chemical compound that 
always contains the element boron. 

Rubellite can be found either as needle- 
shaped (acicular) crystals or in grooved (striated) 


hexagonal prisms with curved sides that give 
them a rounded outline. A Rubellite and lepidolite crystals from 


Rubellite is a slightly heavier than average the island of Elba. 


mineral (between 3.03 and 3.1 times heavier than 
an equivalent volume of water) and it is hard - it 
measures between 7 and 7.5 on the Mohs Scale of 
hardness, and it scratches feldspar but is itself 
scratched by topaz. When it is hit with a hammer, 
or subjected to similar pressure, it breaks off, 


leaving a pattern like that on the outside of a As a general rule, the redder the rubellite, the greater 

seashell (conchoidal fracture). Like other its value as a gemstone. The specific gravity (SG) of 

members of the tourmaline group, rubelilte is the mineral increases very slightly in proportion to its 

insoluble in acids. colour — a dark red piece of rubellite has a higher SG 
than a pink piece. 


pressure gauge called a manometer which is widely 
used in industry. (For a more detailed description of 
this instrument and its operation, see the separate 
entry on tourmaline.) 


GEMSTONES 


Rubellite crystals have grooves (striations) running 
along their surface, with a hexagonal cross-section and 
a rounded outline. When they are cut in cabochon 
shapes (see Discovery 12) they may show the light 
effect that resembles the narrowed vertical pupil of a 
cat's eye. 

Apart from the cabochon, the most popular cuts 
for rubellite are a drop-shaped cut called a pendeloque 
and the step cut, which is principally used on the most 
elongated crystals. Small flattened crystals of rubellite 
are sometimes known as brilliants. 


A Rubellite from Madagascar. 


4 The two inset photographs show different 
shades of cut rubellite crystals. The main 
photograph is of an uncut rubellite crystal 
weighing 3.5 carats. It was mined in 
Madagascar. 


Rubellite has been known in the west 
since Roman times, although it was often 
confused with other gemstones of the same 
colour. (The rubellite’s red hue can also 
be found in rubies, some apatites, beryl, 
spinel and garnet.) In China, it was 
highly prized and used, among other 
things, to make decorative clasps on the 
clothing of Mandarins. 

Though rubellites can discolour if they 
are heated, their redness can be restored artificially by 
irradiation. Many rubellite crystals have internal 
colour variations, with different areas of red, pink and 
even yellow or green. These areas have very clear 
boundaries that run parallel to the faces of the prism, 
the pyramids or the base of the crystal. 
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RUBELLITE Like all forms of tourmaline, rubellite occurs widely 
Group: Silicates throughout the world. It forms in granites and 

Crystal system: Trigonal pegmatite rocks, and in fine-grained deposits that 
Chemical formula: Na(Mg,Fe,Li, Mn, AI; AL (BO,);Si,.0 4 OH,F), have been worn down and moved from their original 
Hardness: 7-7.5 location by water (alluvial deposits). Rubellites come 
Density: 3.03-3.1 from alluvium deposits in Burma, from pegmatites in 
Cleavage: Indistinct the Rio Doce basin and in the area around Rio 
Fracture: Uneven to conchoidal Joquitinhonha in Brazil, from Yekaterinburg in the 
Colour: From pink to red Russian Urals and from Madagascar. Other sources 
Streak: Colourless include California, Colorado and South Dakota, USA, 
Lustre: Vitreous Canada, Pakistan, Afghanistan, Nepal, Sri Lanka, 
Fluorescence: Absent Germany and Switzerland. 


» Luminescent 
minerals 


Some minerals can give off light without being 
heated. Such minerals are called luminescent 


and there are several types 
of luminescence, including 
the forms fluorescence and 
phosphorescence. 


ost substances will give off 
light sooner or later if you 
heat them enough. A piece 


of coal in a roaring fire grate, for 
example, will become red hot and 
then eventually white hot, and its 
light will illuminate a darkened 
room. This is called incandescence. 
But some substances will give off 
light without undergoing any 
increase in temperature — such 
materials are said to be 
luminescent. 


Ground state 

Normally, the internal structure of a 
mineral exists in what is known as the ground 

state. The ground state is defined scientifically as the 
lowest level at which the energy within any substance 
and its constituent parts — atoms and the particles they 
are composed of — remains stable. If anything happens 
to raise the energy level of a substance above this basic 
ground state, the structural particles within the 
substance will begin to move around. This is called the 
excitation state. When a substance is excited in this 
way, it may start to give off energy, in the form of 
light. This is luminescence and it takes several 
different forms. 


Fluorescence 

One form of luminescence is fluorescence, 

which occurs when certain substances are lit 

under ultraviolet light. Ultraviolet light has shorter 
wavelengths than the light of the normally visible 


v The photographs show 
fluorescence in a piece of calcite 
on willemite from Franklin, New 
Jersey, USA. On the left, the 
sample is seen in normal light. 

On the right, the same sample is 
irradiated by ultraviolet light - the 
calcite now appears red, while the 
willemite shows green. 
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spectrum. When an ultraviolet light is directed onto 
a luminescent substance, it will cause the internal 
structure of the substance to become excited. 
Fluorescent minerals can absorb light of one colour 
(i.e. light of a particular wavelength in the visible part 
of the spectrum) and in its place give off light of 
another wavelength or colour. 

Examples of fluorescent substances include quinine 
sulphate solutions, paraffin oil and fluorescein 
solutions. The colour changes fluorescein solutions 
undergo are used as indicators in dyeing processes to 
show when chemical reactions have been completed. 

The best known fluorescent mineral is probably 
fluorite, although not all fluorite specimens are 
fluorescent and not all fluorescent specimens give off 
light of the same colour all the time. The colour they 
most commonly emit is violet, but green, white and 
other colours are not unknown. Calcite is another 


Luminescent minerals 


A A piece of hyalite (a colourless form of opal) in natural 
light (left), and the same sample fluorescing under 


ultraviolet light (right). 


widespread and easily obtainable fluorescent mineral. 


Although its fluorescence is usually red, it can 
sometimes appear in other colours too. 


Phosphorescence 
Fluorescence stops when the source of light 
that is causing the excitement in the mineral is 
removed. If the luminescence persists after the 
cause of the excitement has been taken away, 
the light it gives off is called phosphorescence. 
In the strictest scientific terms it is by no 
means easy to define how long fluorescence 
must continue after the light source has been 
shut off before it can justifiably be called 
phosphorescence. In absolute terms, of course, 
there must be a time lag, however short. 
Scientists define the length of time that 
fluorescence must continue following the 
removal of the light source as ‘more than 
10 nanoseconds. After that, it can be called 
phosphorescence. For the record, a nanosecond 
is one thousand millionth of a 


(excited) by radiation. In this case, the particles that are 
excited are electrons. When they move, they become 
trapped in troughs from which they are freed by the 
action of heat within the substance. As they fall back to 
a lower energy level — i.e. return towards the ground 
state — they give off the energy they have been holding 
in the form of light. 


Ultraviolet lamps 

Fluorescence and phosphorescence are commonly 

achieved by the use of widely available ultraviolet 

lamps. There are many types of ultraviolet 
lamps, one of which is the mercury-vapour 
lamp. These lamps discharge radiation in four 
visible wavelengths of the spectrum and 
usually give off a bluish light. The same effect 
can be had by using X-rays, gamma rays and 
electron beams. 

Some minerals are always fluorescent and 
always fluoresce the same colour or colours. 
Among these are autunite and liebigite, both 
minerals that are found in the British Isles. 

Some minerals are both fluorescent and 


w phosphorescent — and the colour of the 


fluorescence is not always the same as that of 
the phosphorescence. Zircon, 


second (0.000000001 seconds). A Phosgenite is one of the many fluorescent for example, may show orange 
Like fluorescence, minerals - seen here in a crystal form. fluorescence, but if you turn 


phosphorescence is caused by 


off the source of ultraviolet 


particles inside the body of the v Calcite and willemite in natural light (left). — light it may emit a bluish-white 
mineral being moved around and under ultraviolet rays (right). phosphorescence. 
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Mineral hunting - or rockhounding, as it 
is popularly known - gives you great 
scope for exploring the countryside and 
getting to grips with the ground. 


eciding where to start your groundwork is the 

first thing to do. It is advisable to start in well- 

known sites, where there is plenty of 
background information. The shoreline — particularly 
rocky or stony sites at the foot of cliffs — is almost 
guaranteed to provide interesting specimens, so makes 
a great starting point. You should be able to simply 
pick up specimens that have been conveniently broken 
up by the elements. However, remember that cliffs are 
a sign that coastal erosion is taking place: you have two 
major hazards to watch out for — rockfalls and 
incoming tides. Hills and mountains can also be 
hazardous, as can quarries, so remember the safety 
rules: leave details of where you are going with a 
responsible person, and do not work alone. 


Finding specimens 

While you may pick up specimens on beaches and 
quarries, in some cases professionals use special 
methods to extract minerals. One of the most 
common finds, and easy to collect, is quartz. For 


GROUNDWORK 


4 Y Coastlines and 
quarries are great 
places to explore in 
the hunt for minerals, 
but they are often 
hazardous. Safety first! 


example, you may find crystals loose in the ground, or 
in gravelly deposits on riverbanks, lakesides or beaches. 
You will also notice crystals set into rocks in many 
granite landscapes. 

Sands and gravels have often provided easy 
mediums for finding minerals. In the 19th century, 
gold prospectors in California and the Klondike used 
two similar methods to collect gold: panning for gold 
involved collecting a sample of gravelly material from 
the riverbed, and swirling it around in a shallow pan. 
Because gold is heavier than other minerals, lighter 
grains could be washed out of the pan, leaving heavier 
lumps of gold at the bottom. More sophisticated 
separation methods involved a long, wooden trough, 
with water running down it, and grooves in its base. 
Again, the lighter minerals would be washed away, and 
the gold would fall to the bottom. 

Many other minerals are to be found in sands and 
other so-called placer deposits. These are the result of 


Exploration and excavation 


erosion of mineral-rich rocks, with the materials being 
carried away by water and deposited elsewhere. 


Sedimentary rocks 

Sedimentary rocks are home to fascinating fossils, as 
well as a wide range of minerals. Such rocks may 
contain concentrations of minerals that were long-ago 
eroded and deposited — such specimens will usually be 
hard minerals, and they may have lost their crystal 


sha e durin the transportation process: to az, garnet, 
o 


H 


und c in a well-known site, where 
you will be able to oe guidance on what to look for 
and where to find it. 


Start your gro 


/S Nave personali sarety nigh on you engada: 


moors, hillsides, cliffs, shorelines and quarries can all 
be hazardous places. 


5e aware iy byelaws protecting the site you 
are at, and if the land is privately owned get the 


landowner's permission to visit the site. 


) th conside ers, and for any 
wildlife in the area. 

eave the site as vou would like tc t: fill any 
holes you ‘nave tade, xm dcn t litter fields and 
hillsides with pieces of rock - they may be harmful to 
animals in the area. 


Follow the country code: don't leave gates open, 
| and take your litter home with you. 


llect specimens from loose, broken-down material 
rather than hacking into cliffs and rock faces. This 
practice is both dangerous and irresponsible. 


< A Mineral collecting for economic uses: the man on 
the left is breaking up rocks so that he can extract 
specific minerals; the men above are panning for gold. 


zircon, cassiterite and, of course, gold and diamond are 
examples of minerals and gemstones that may be 
found in sedimentary rocks — as long as they formed 
relatively close to suitable igneous and metamorphic 
rocks. Minerals and gemstones that were formed 
chemically at the time the rocks were laid down are 

of particular interest — these include hematite and 
magnetite, which are found in limestone; and opal 

and chalcedony, which are found in chert. 


Crystal cavities 

Igneous rocks may be home to fascinating cavity 
formations, which, because of the space in the cavity, 
coupled with the presence of appropriate elements and 
compounds, may provide ideal ‘growing conditions’ 
for crystals. A druse is an irregular cavity, while a geode 
is a rounded shape, lined with agate, with a cavity 
lined with crystals or completely infilled. 

These formations are excavated in mines around 
the world, and cannot be excavated in the field. 
Where crystals are attached to a bed or matrix of 
rock, the excavators working in mines will take out 
large samples, which can later be worked on to show 
off the crystals to their best advantage. 


| In the UK, the Geologists’ Association is for 

| professionals and amateurs, and has local and 
affiliated groups, who may well organise field trips 

| either at home or abroad. To find groups near you, 
check their website at: 


www.geologist.demon.co.uk 


The Geologists’ Association also runs a site called 
Rockwatch, for young geologists, at: 


www.rockwatch.org.uk 
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Desert rose is a beautiful 
form of gypsum that is 
prized by collectors. 


esert rose is generally a light, sandy brown 
colour, although this may darken when there 
zi are iron impurities present. As its name 
suggests, it forms only in very dry conditions and 
typically appears in flower-like shapes. 
The basic component of desert rose is gypsum, 
the hydrated mineral form of calcium sulphate. In 
its pure state, gypsum is colourless; the brown 
coloration of the desert rose variety comes from tiny 
particles of sand that have become trapped within the 
body of the mineral. 
As desert rose forms only in very dry conditions, it 
is strongly associated with desert regions. 


Two kinds of desert rose 

The term desert rose may be used to describe either 
the beautiful form of gypsum or a variety of barite 
(mineral barium sulphate), which may also take on 
characteristic rosette-like shapes. However, although 
the names may cause confusion, the two minerals are 
fairly easy to distinguish: gypsum desert rose scores 
only 2 on the Mohs Scale of hardness and may be 
scratched with a fingernail; the barite form is harder, 
registering 3—3% on the Mohs Scale. 


Identification 

The shape and colour of desert roses are usually 
sufficient to identify them. Indeed, collectors may be 
unwilling to carry out further tests because the 
specimens are so easy to damage. 


>A A desert 
rose formation 
in the Sahara 
Desert. 


< For the 
purposes of 
comparison, 
a desert rose 
of baryte 


(Oklahoma, USA). 


CHARACTERISTICS al 


Gypsum - of which desert rose is an example - is a 
member of the sulphate group of minerals. Each 
molecule contains one atom of calcium, one atom of 
sulphur and four atoms of oxygen. There are also two 
attached molecules of crystallised water. 

Crystals of gypsum conform to the monoclinic 


. System of symmetry. In desert roses the crystals 
| appear in layers (lamellae) that give the appearance 


of flowers. 
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FACT FILE 
DESERT ROSE 


Group: Sulphates 

Crystal system: Monoclinic 
Chemical formula: CaSO,.2H,0 with grains of sand 
Hardness: 2 

Density: 2.32 

Cleavage: Perfect 

Fracture: Splintery 

Colour: Brown 

Streak: White 

Lustre: Vitreous to pearly 
Fluorescence: Greenish white 


Gypsum is an evaporite mineral. It forms 
when water containing certain dissolved 
chemical elements evaporates. Sand is one of 
the essential ingredients of desert rose, and 
as a result it is found only in areas that are - 
or once were - deserts. 

The world's most important source of desert 
rose is the Sahara Desert, particularly in the areas 
around Ouargla, Oued and Touggourt (Algeria) and 

Zuara (Libya). Elsewhere, it is found in Morocco, 
Tunisia and in the US states of Arizona 
and New Mexico. 


A 4 Desert roses sometimes grow to enormous sizes. 
These extraordinary ‘bushes’ were photographed on 
the outskirts of Ouargla (Algeria). 


4v Y Further magnificent specimens of desert 
rose (Algeria). 


Mimetite is a rare mineral 
that contains arsenic and 
lead. It is heavy but fragile, 
and when heated gives 
off a strong garlic-like smell. 


imetite may be brown, greenish, orange, 
M white, yellow or colourless. Its name comes 

from the Greek ‘to imitate’ because it can 
so closely resemble pyromorphite. It is often found in 
locations where the minerals anglesite, galena and 
hemimorphite occur. 

Mimetite belongs to the monoclinic crystal 
system, but it often occurs as six-sided (hexagonal) 
prismatic crystals. Although it is not suitable for use 
as a gemstone, it is often of considerable interest 
to collectors. 


Crystals of mimetite from Tsumeb, Namibia. A 


Y Crystals of campylite (a variety of mimetite) from Dry Gill Mine, 
Caldbeck Falls, in the Cumbrian Lake District. 


Mimetite belongs to the arsenate group 
of minerals. It is made up of the 
elements lead, arsenic, oxygen and 
chlorine, although phosphorus and 
vanadium can replace the arsenic in 
part, and metallic calcium can take the 
place of lead. 

Although mimetite's crystals belong 
to the monoclinic system, they usually 
appear in hexagonal shapes. Sometimes, 


. in addition, they take on curved bulges in 
the middle and resemble barrels. 


Mimetite may occur in grape-shaped 


(botryoidal), kidney-shaped (reniform) or 


granular habits. Mimetite is a transparent 
or translucent mineral. It has variable 
colour, and can be brown, green, orange, 
yellow or white, as well as colourless. 
Mimetite has a resinous or diamond- 
like sheen (lustre) and a white streak. It is 
very heavy - it weighs seven times the 
weight of an equivalent volume of water 
- itis fragile and it has no cleavage. It is a 
moderately hard mineral, measuring 
between 3% and 4 on the Mohs Scale 
of hardness. 


MINERALS 


Secondary mineral 
Mimetite is a secondary mineral that forms in parts of 
lead deposits that have been exposed to the oxygen in 
air and/or water. It is often found near anglesite, 
arsenopyrite, galena, hemimorphite, pyromorphite 
and vanadinite. 

Since pyromorphite also commonly occurs 
in the same locations as galena, anglesite and 
hemimorphite, this adds to the possibility of its 
being confused with mimetite. 


Testing for mimetite 

Chemically, mimetite is a chloro-arsenate of lead. 
However, its make-up is in fact quite variable because 
the arsenic can be substituted in part by the elements 
phosphorus and vanadium. The more phosphorus 
mimetite contains, the greater its resemblance to 
pyromorphite, which is a chloro-phosphate of lead. 
Because mimetite can resemble pyromorphite so 
closely, it is important to know what tests to apply to 
any specimens obtained to determine their true 
identity. When heated, mimetite gives off a strong 
garlic-like smell that comes from the arsenic in its 
chemical composition. Pyromorphite does not have 


MIMETITE 


Group: Arsenates 


Crystal system: Monoclinic 

Chemical formula: Pb.(AsO,).CI 

Hardness: 34-4 

Density: 7.28 

Cleavage: None 

Fracture: Subconchoidal to uneven 

Colour: Yellow, orange, brown, greenish, white 
Streak: White 

Lustre: Resinous to subadamantine 


Fluorescence: Absent 


ORIGINS and DISTRIBUTION C a 
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Mimetite is a rare mineral. It is found in parts of lead- 
bearing deposits that have been exposed to oxygen 
(oxidation areas). This oxygen comes from the air 
and from water contained in circulating fluids. It 
is especially likely to occur in deposits that also 
contain arsenic. 

In common with pyromorphite, its lookalike, 
mimetite commonly occurs in association with the 


minerals anglesite, galena and hemimorphite. 
Mimetite is found in Saxony (Germany), Mapimi 
and Durango (Mexico), Tsumeb (Namibia) and in the 
states of Arizona, California, Nevada and Utah (USA). 
In the British Isles, mimetite may be found in E 
Leadhills (Scotland) and in Cumbria (England). 


this reaction when heated because it does not contain 
any arsenic at all. Mimetite should be cleaned only 
with distilled water. 


Notable examples 
The largest crystal of mimetite so far discovered is 6 
cm long, 2.7cm in diameter and weighs 274g. It was 
found in Tsumeb, Namibia, and is now in the Keith 
Proctor Private Collection in Colorado Springs, USA. 
Although mimetite is usually formed in short, six- 
sided (hexagonal) prisms, it may also be in barrel- 
shaped crystals, a form known as campylite. 


4 Bipyramid-shaped crystals of mimetite from Tsumeb 
in Namibia. 


v Mimetite from Sardinia. Note the botryoidal shape - 
like a bunch of grapes. 


Schorl is a variety 
of tourmaline. 
It develops an 
electrical charge 
if warmed or rubbed. 


chorl is the most common 

form of tourmaline. It is black 

and rich in iron. Because of 
its colour, it used to be worn as 
mourning jewellery, but it has long 
been out of fashion. It has few other 
practical uses. 

Schorl is very common all over the 

world, and its opaque prismatic crystals 
may be several metres in length. It 
resembles the other forms of tourmaline in 
almost every detail, apart from its colour — black 
— which it gets from the iron that is present in 


A Schorl from Como in Italy. Schorl is plentiful in Britain 
too, especially as a component of some granites. 


A Crystals of schorl 
with albite and quartz from Pakistan. 


large quantities in its chemical structure. All 
members of the tourmaline group are complex 
silicates that contain boron. Their different colours 
are determined by the amount of aluminium, 
iron, lithium, magnesium, manganese or sodium 
they contain. 

The iron in schorl comes from the magma from 
which all tourmalines originally formed. Magma is 
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SCHORL 


Group: Silicates 

Crystal system: Trigonal 

Chemical formula: Na(Mg,Fe,Li,Mn,Al);Alg(BO3)3Sis.0;9(OH,F), 
Hardness: 7 

Density: 3.1—3.25 

Cleavage: Indistinct 


Fracture: Uneven to conchoidal 


Colour: Black 


Streak: Colourless 


Lustre: Vitreous 
Fluorescence: Absent 
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Commonplace mineral 


MINERALS 


A Striated crystals of schorl from the mines at 
Santa Flora, Brazil. 


hot molten material that formed deep underground 
in the Earth's mantle. This magma can rise under 
pressure towards the Earth's surface and much of 
it solidifies into igneous rock before it reaches 
the surface. 
When the magma is particularly rich in 
iron, schorl is formed. Most magma does contain 
a lot of iron, and as a result approximately 80 
per cent of the world's tourmaline is of the 
schorl variety. 


Like all other forms of tourmaline, schorl is a source 
of boron. Whether or not boron is extracted from a 
given schorl deposit depends on how economically 
viable it is to do so. 

Boron is used industrially to harden steel and 
in some control rods in nuclear reactors. It is also 
used to make Pyrex glass tough and heat resistant, 
and in the manufacture of detergents and fertilisers. 


"Tourmaline is a pyroelectric mineral — this means 
that it can develop an electrical charge if you warm it 
— and consequently it can be used to clean clothing 
because dust will collect on it when it is rubbed 
against the cloth. 

Schorl is the most common of all the forms 
of tourmaline. 


Like all forms of tourmaline, schorl is a member of the 
silicate group of minerals. It is a complex boro-silicate 
that contains the element boron. Its crystal structure 
is hexagonal. Schorl is heavy and quite hard - it is 
between 3.1 and 3.25 times heavier than an equivalent 
volume of water, and it scores 7 on the Mohs Scale 
of hardness 

Schorl is black in colour. A characteristic feature 
of schorl is that the crystals have striations (thin 
grooves) along their faces. 


ORIGINS and DISTRIBUTION E£ 


Schorl is a very common and widespread mineral 
that occurs throughout the world. It is found mainly 
in rocks that have formed from molten material 
(magma), and it may also be present in rocks that 
have changed their original form after being 
subjected to intense heat and/or pressure 
(metamorphic rocks), and in deposits that have been 
worn down and moved by water (alluvial deposits). 
In this respect, as in all other characteristics, schorl 
resembles the wide variety of minerals in the 
tourmaline group. 

Schorl occurs not only in areas that contain the 
more valuable forms of tourmaline but in many 
other locations as well. In the British Isles, schorl 
is common in granite in southwest England. 


Sapphires are among the 


most beautiful and precious 
gemstones on Earth. They are 


also extremely hard and heat 
resistant. Synthetic sapphires are 
manufactured for use in a wide range 
of industrial applications. 


he beautiful blue sapphire is a prized jewel, 

but because it is also one of the hardest 

minerals on Earth, it has valuable industrial 
properties. Prior to World War I, sapphires were 
mined extensively for use in the mechanisms of 
watches, clocks and electrical measuring instruments 
such as household meters. 

Because the natural gems are now so rare, 
synthetic sapphires that display all the qualities of 
the real thing are manufactured for use in industry. 
These man-made crystals are used in electrical and 
optical instruments, and in the windows of high- 
temperature furnaces. 

Sapphires are generally thought to be blue. 
However, there can be other colours, such as 'pink 
sapphire and ‘yellow sapphire’. Red corundum is 
called ruby. The term ‘sapphire’, used on its own, 
always refers to the clear blue variety. 


SAPPHIRE 


Group: Oxides 


Chemical formula: Al;0; 
Hardness: 9 

Density: 4 

Cleavage: Absent 


Crystal system: Trigonal 


Colour: Blue 

Streak: White 

Lustre: Subadamantine, 
A A gold brooch with a vitreous 

large sapphire at its 
centre, small diamonds 
and five natural pearls. 


Fluorescence: Absent 


Fracture: Conchoidal/uneven 


GEMSTONES 


Y Seven beautiful 
corundum crystals of the 
sapphire variety (top). The 
bottom crystal is 

yellow corundum. 


CHARACTERISTICS 


Sapphire is a member of the oxide group. It is 
aluminium oxide and may contain small quantities of 
iron and titanium. If neither iron nor titanium is 
present, the sapphire is colourless. This variety of 
corundum is called leucosapphire. 

Sapphires are very shiny and, like rubies, are four 
times heavier than water. They rate 9 on the Mohs 
Scale of hardness - second only to diamonds - and 
this makes them very suitable for jewellery and for 
the industrial processes that involve cutting and 
rubbing. They are relatively heat proof, and are 
often used in the windows of furnaces. If they are 
transparent, infra-red rays and ultraviolet light can 
pass through them, making them ideal components 
in optical equipment. 

One of the most striking qualities of sapphire 
gemstones is that they are sometimes pleochroic. 
This means they absorb light differently according to 
the direction from which they are viewed. This is why 
we often see a mixture of intense blue and blue- 
green when we look at a sapphire in different lights. 

Sapphires that exhibit a star-shaped light effect 
are particularly valuable. Cut in domed shapes called 
cabochons, they display beautiful luminous six- 
pointed stars. This effect is called asterism and can be 
seen in the photograph of the Star of Asia overleaf. 

The sapphire is a variety of corundum, which is a 
very hard mineral. When used on its own, the word 
'sapphire' implies that the gemstone in question is 
blue. Sapphires that are not blue are often prefixed 
with the word 'Oriental' and sold under names like 
Oriental Emerald (green corundum), Oriental 
Amethyst (purple corundum) and Oriental Topaz 
(yellow corundum). 


GEMSTONES | 


A An example of corundum. Sapphire is one 


of the most prized varieties of corundum. 


The corundum family 


Sapphires are a precious variety of the 
mineral corundum, which is colourless 
when pure. Sapphires are always blue, 
but other forms of corundum are found 
in a variety of colours. The precious red 
corundum is known as ruby. 

The blue colour of sapphire is 
caused by the presence of iron and 
titanium in the corundum crystal. The 
ruby’s vibrant red colour is caused by 
the presence of the metal chromium. 


Industrial properties 
Sapphires rate 9 on the Mohs Scale, 
which is used to measure hardness (the 
hardest known natural substance is the 
diamond, which rates 10). 

Because they are hard-wearing 
and heat resistant, sapphires are widely 
used in industry. They are useful in the 
mechanisms of watches and clocks, and 
in the rolling spheres of expensive 
ballpoint pens. In addition, sapphires 
do not conduct electricity, and this 
makes them ideal components in 
household measuring instruments like 
electricity meters. Some sapphires are 
transparent, and so do not prevent 
ultraviolet or infra-red rays from 
passing through them. Consequently 
they are used in the manufacture of 
many optical instruments. 


Imitation sapphires 

There are many gemstones that look 
like sapphires. Synthetic sapphires are 
by far the most common and effective 
imitations. They are obtained by a flame 
fusion technique that has been used 


ORIGINS and DISTRIBUTION C a 


Sapphire is formed in marble, limestone, gneiss, 
schist and igneous rocks. It can be eroded by river 
systems and deposited downstream in river sand 


and gravel. 


Sri Lanka is the oldest source of sapphires, 
while Australia is the largest producer today. The 
most beautiful sapphires in the world come from 
Kashmir in India. Stocks there are almost depleted, 
and their unique colour has never been matched by 
synthetic copies. Other supplies from Cambodia, 
Thailand, Myanmar, Tanzania and Malawi are 
commercially valuable. Large numbers of intense 
greenish-blue sapphires come from Australia and, in 
the 19th century, gem-quality sapphires were 
discovered in Montana, USA. 


A Two beautiful cut 
sapphires. In ancient times, 
the gem symbolised faith, 
hope, justice and the joy 
of living. 


v The famous 330-carat Star 
of Asia (Smithsonian 
Institution, Washington, DC). 


commercially since 1902. The basic 
material used is powdered corundum, 
which is combined with iron and 
titanium at high temperatures. Some of 
these imitations are so realistic in both 
looks and hardness that only experts 
can tell the difference. 

Among the natural gemstones that 
look like sapphires are blue spinel and 
blue tourmaline. Blue zoisite — which 
is also known as tanzanite, because 
it was discovered in Tanzania in 1967 
— also looks similar, but it rates only 
6%-7 on the Mohs Scale of hardness, 
so it is too soft to be mistaken for 
real sapphire. 

Buyers looking for a completely 
natural sapphire must be particularly 
wary of very realistic Brazilian 
imitations that are made of treated 
colourless quartz. 


Famous gems 
Some of the most famous gemstones 
are sapphires. The finest sapphires in 
the world come from Kashmir in 
India, and their beauty has never 
been matched. 

There are many sapphires of 
exceptional colour and size that can 
be found in museums all over the 
world. Most of these gemstones 
originated in Sri Lanka. The biggest, 
the so-called Star of India, is 563 carats 
and is housed in the American 
Museum of Natural History, New York, 
USA. Another large sapphire, 
the Star of Asia (330 carats), is on 
display at the Smithsonian Institution 
in Washington, DC. 
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* Photosensitive 
minerals 


Photosensitive minerals can undergo chemical changes when they are subjected to 
electromagnetic radiation. This radiation and its effects can take several forms. 


A The dark colour of this smoky quartz has been 
obtained by bombarding colourless quartz with 
gamma rays. 


A > A specimen of realgar that has been transformed 
by the action of sunlight into pararealgar. 


Radiation 

Radiation consists of waves of energy that are given out 
from both electric and magnetic force fields. These 
waves are put in motion by the acceleration of an 
electric charge. The nature of the electromagnetic 
radiation depends on the frequency of the waves. The 
waves with the lowest frequency are radio waves, 
followed by infrared waves, normal light, ultraviolet 
light, X-rays and gamma rays. A mineral affected by 
any of these waves is said to be photosensitive. 

Some gemstones — topaz, for example — may change 
colour if they are exposed to radiation (‘irradiated’). 
This radiation may occur naturally or it may be 
artificially induced. If the topaz is naturally coloured, it 
has acquired that colour as a result of having been 
located in a part of the earth adjacent to some 
radioactive element (e.g. autunite). Much colourless 
topaz is artificially irradiated and heat-treated to turn it 
blue — this renders it very similar in appearance to the 
more valuable gemstone aquamarine. 

Although natural radiation may take millions of 
years to have an effect on 
minerals, artificial 
irradiation techniques 
may change the colour of 
a gemstone in a matter of 
hours. In some cases, 
gemstones treated in this 
way will later fade or 
revert completely to their 
original colours. 

Minerals that contain 
the metallic element silver are usually extremely 
sensitive to both natural and artificial forms of light, 
and this is particularly true of silver halogens. 


Photography 

Halogens is the group name given to the chemical 
elements astatine, bromine, chlorine, fluorine and 
iodine. The halogen compound silver chloride (a 
chemical combination of silver and chlorine) is found 
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A Small cubic crystals of photosensitive chlorargyrite. 
This rare mineral is naturally colourless or grey but 
becomes violet-brown or purple when it is exposed 
to natural light. 


in a naturally-occuring mineral called horn silver or 
cerargyrite. Cerargyrite sometimes takes the form of an 
insoluble white powder that darkens on exposure to 
normal light because it reacts with that light to produce 
elemental metallic silver. This alteration is irreversible — 
unlike irradiated topaz, it does not fade — and it is used 
in photographic emulsions and papers. Silver bromide is 
a yellow powder that is used for the same purpose. 
Silver iodide — another yellow powder — is used both in 
photography and in artificial rain-making. 


Irradiation 
Irradiation can be used to change the appearance of 
certain minerals and gemstones, and sometimes they 
can end up looking like something they are not. Just as 
topaz can be made to resemble aquamarine, so the red 
of proustite can be deepened by heat treatment to look 
like one of the more precious red gemstones, such as 
ruby or spinel. 

Photosensitivity may also work in the opposite way. 
Red zircon, for example, may lose its colour when 


A The natural blue 

colour in some diamonds is 
artificially enhanced 

by bombardment 

with radiation. 


A Some aquamarines have 
their colour deepened by 
the same method. 


exposed to light, but in this case the process 
is reversible. 

But photosensitivity does not only affect the colour 
of crystals; it can alter their sheen (lustre) too. After a 
long time in sunlight, silver sulphides will lose their 
original sparkle and become opaque. 


Effect of sunlight 


Realgar — arsenic sulphide, a chemical combination 
of one atom of arsenic with one atom of sulphur — is 
one such mineral. In its original form, realgar has 
magnificent red crystals, but when it is exposed to 
sunlight for long periods the crystals crumble slowly 
and form powdery yellow masses. Scientists used to 
believe that this effect occurred because the realgar 
was changing to orpiment (another arsenic sulphide 
whose molecules are made up of two atoms of arsenic 
attached to three atoms of sulphur). Later, it was 
discovered that only the appearance was changed 
and that, chemically, realgar remained unaltered 
by this process. 

Different physical forms of minerals with 
the same chemical composition are called 
polymorphs — diamond and graphite, for example, 
are polymorphs of elemental carbon — and the 
name given to this powdery yellow polymorph 
of realgar is pararealgar. 


Colour enhancement 

It is clear that natural light can have profound effects 
on the appearance of certain crystals. More powerful 
effects can be gained by using other forms of radiation 
like X-rays, gamma rays and neutron beams. For 
example, most smoky quartz sold as a gemstone 

has been bombarded with radiation to increase its 
commercial value. Irradiated materials like this are 
not themselves radioactive. 

Other gemstones can also be ‘improved’ 
artificially by radiation techniques. Blue beryl 
(aquamarine), for instance, can have its blueness 
enhanced by irradiation. 
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A A violet fluorite crystal in dolomite. Some violet 
fluorites turn paler when exposed to natural light. 


ome of the Earth's most beautiful treasures 

come not from rocks but from living organisms, 

both plants and animals. The following are some 
of the best known. 


Amber is a sticky brown or yellow resin that oozes 
from coniferous trees and then hardens. It may contain 
many objects that became trapped in its sticky resin 
before it solidified. Among the numerous things that 
have been embedded in pieces of amber are air 
bubbles, leaves, pine cones, pieces of wood, insects, 
spiders and sometimes even frogs and toads. Air 
bubbles cloud the colour of the amber and so 
tend to be removed by heat treatment. By 
contrast, many of the other inclusions 
mentioned increase the value of the piece 
enormously, especially if a rare or extinct 
species is inside it. 

The best and most valuable amber is 
transparent, and highly polished pieces 
are used to make amulets and beads. 

When rubbed, amber will generate 
static electricity. 

The world's premier amber deposits are 
found on the north coast of Germany: 
amber can be washed from the Baltic seabed 
as far afield as the shores of Britain. Elsewhere, 
amber may be found in Burma, Canada, the 
Czech Republic, the Dominican Republic, France, 
Italy, Romania, Spain and the USA. 
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Many so-called 
gemstones are not 
derived from minerals - 
some are formed by 
animals, others by plants. 


Aerial view of Kayangel Atoll in the Pacific Palau 
Island group. This is a typical coral atoll, with a ring 
of coral reefs just below the surface of the water 
enclosing a deeper lagoon. Sand and other sediments 
drift over the reef and eventually form islands. 


The greatest structures built by living things are not 
manmade but the creations of tiny organisms that 
combine together to form coral reefs. 
Coral consists of the skeletons of sea creatures 
called coral polyps that belong to the zoological class 
Anthozoa. These polyps have hollow, cylindrical 
bodies and although they sometimes live alone, 
they are more often found in vast colonies 
where they grow on top of each other. Their 
skeletons eventually form great geographical 
features like coral reefs and atolls. These 
individual skeletons are made out of 
calcium carbonate (calcite) that over 
many years becomes massive in form. 
Although most coral occurs in tropical 
waters, there is some in the warmest parts 
of the Mediterranean Sea, in the north 
Atlantic Ocean, and at the bottom of 
Norwegian fjords. Coral may be blue, 
pink, red or white in colour. Red coral is 
the most valuable, and has been used for 
jewellery for thousands of years. 


Baltic amber with preserved fly. 


sJUSWEUIO oIue640 


Organic ornaments 


Ivory is a type of dentite that comprises the tusks of 
great wild animals — principally elephant, but also 
hippopotamus, warthog and wild boar. Marine 
mammals like the narwhal, sea lion and walrus have 
also been hunted for their ivory. Ivory is rare, creamy 
white and beautiful. 

Although ivory has been greatly in demand as a 
decoration since the dawn of mankind — one piece of 
carved mammoth tusk found in France is more than 
30,000 years old — in the last 50 years there has been a 
radical shift in attitudes to this sort of exploitation of 
animals for human profit and pleasure. People who 
would previously have desired ivory pieces are now 
encouraged to use one of the many ivory-substitutes, 
like vegetable ivory, bone and jasper. 


Pearls are formed by oysters and mussels as protection 
against parasites or pieces of grit that get inside their 
shells and irritate them. 

When the irritation starts, a layer of tissue — the 
‘mantle’ — between the shell and the body of the 
shellfish secretes layers of calcium carbonate. These 
secretions, which begin life as nacre or mother-of-pearl, 
surround the foreign body, then build up and harden 
over several years: this process protects the mollusc 
against the intrusive irritant and provides man with 
one of his most treasured possessions, the beautiful 
teardrop pearl. 

Pearls can be round or irregular in shape and white 
or black in colour. Natural pearls come from the 
Persian Gulf, che Gulf of Mannar that separates India 
and Sri Lanka and from the Red Sea. Freshwater pearls 
have been found in the rivers of Austria, France, 
Germany, Mississippi (USA) 
and in Ireland and Scotland. 

Cultured pearls — that is, 
pearls the production of which 
is induced artificially by the 
deliberate insertion of a small 
bead that provokes the oyster 
into making a pearl — are 
made mainly in Japan, where 
shallow waters off the coast 
provide ideal conditions for 
pearl farming. 


Freshwater pearls from the 
collection at the Natural History 
Museum, London. 


A piece of jet from the coast 
at Whitby, Yorkshire. 


Amber on a Norfolk beach. 
Baltic amber is sometimes 
washed up along the beaches 
of the east coast of Britain. 


Natural red coral with two fashioned coral gemstones. 


Jet is a variety of coal, and like coal it was formed 
millions of years ago. It was formed when wood drifted 
into the sea, became waterlogged and sank to the 
seabed. There it became covered by a great depth of 
sediment, and was compacted and heated. Jet is known 
to have been mined by man since 1400 nc. 

The appearance of jet is greatly enhanced by 
polishing, and because of its black colour it was 
very popular as mourning jewellery in the 19th 
century. Like amber, jet generates static electricity 
when it is rubbed. 

Jet is found in many places throughout the world, 
including China, France, Germany, India, Russia, 
Poland, Spain, Turkey and Utah, USA. The finest and 
most famous jet has been found closer to home, along 
the English coast around Whitby and in some shale 
deposits in other parts of Yorkshire. 
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Getting in touch 


with other collectors 


A The hills of the Peak District in Derbyshire. The Peak 
District was Britain's first National Park and as well as 
being an exhilarating place for walkers its limestone 
rocks contain some interesting minerals. 


Mineral hunting can seldom be done 
alone. Success depends to a large extent 
on collaboration with other people. But 
how do you get in touch with them in 
the first place? Here are some useful tips 
on how to start building up your own 
network of contacts. 


nyone who is interested in rocks, minerals, 
A gemstones and fossils will soon want to get in 
touch with other people who share the same 
enthusiasms. If you are at school or college, there may 
be a society with a teacher in charge of it, or a group of 
enthusiasts who get together in the evenings or at 
weekends. If, however, no one else you know is a budding 
mineral hunter and you live in the British Isles, you can 
get in touch with the Geologists Association (GA) or with 
an associated organisation called Rockwatch. 
The GA was formed in 1858 to promote and assist 
both amateur and professional interest in geology 
among people of all ages and backgrounds. Rockwatch 


is aimed specifically at younger enthusiasts. 


Rockwatch 

Rockwatch is a nationwide club for young geologists, 
run by the Geologists’ Association. It sets out to 
explore all aspects of the earth sciences — fact, fiction 
and areas of controversy — in an accessible way that 
does not demand too much prior knowledge. It does 
this through a project-based, investigative approach 
that helps young people to learn about the physical 
world around them, to understand the extent to 
which they rely on geological processes and products 
in their everyday lives, and to increase awareness of 
important environmental issues. 

For a small annual subscription, members of 
Rockwatch receive an events calendar, a Rox file and 
fact cards, a badge and a geological map of the UK. 
In addition, members receive a regular Rockwatch 
magazine. You can find out more about Rockwatch 
on its website at http://www.rockwatch.org.uk 
Further details about the society and an application 
form may be obtained from: 

Rockwatch at the GA 

Burlington House, Piccadilly, London W1J 0DU 

Telephone: 020 7734 5398 


$403291I02 49430 YIIM YONO} ui 5umn3e9 


touch with other collectors 
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The Geologists' Association 
The Geologists' Association is the only UK 
organisation for everyone interested in 
the earth sciences - from absolute 
beginners to keen amateurs and 
professionals. Although Rockwatch is 
undoubtedly the best starting point for 
young beginners, sooner or later it will 
be advisable to find out in detail about 
CA activities. These include: 


Field meetings The GA organises day, 
weekend and longer field trips 
throughout the UK and abroad. These 
excursions cover all levels of interest, 
and range from meetings for beginners 
to detailed accounts of the latest and 
most high level work in the field. 
Everyone - with or without previous 
knowledge, experience or qualifications - 
is welcome to attend GA field meetings. 


Lectures and indoor meetings The 
CA organises regular lectures at its 
headquarters in London, as well as 
tours and visits to museums, 
institutions and companies 
involved with the earth sciences. 


Library The GA has an extensive library, 
which is open to all members. Housed at 
University College, London, it features 
geological maps of the British Isles and 
elsewhere. In addition the Geologists' 
Association has a number of 
publications. These include: 


Circulars The GA's regular newsletter is 
published six times a year and is free to 
members. It gives details of all GA field 
meetings and many of those organised 
by other societies. It reviews recently 


USEFUL CONTACTS 


published books and keeps you up to 
date with everything that is going on in 
the world of earth sciences. 


Field Guides The GA produces detailed 
field guides to the geological make-up 
of particular areas, including many 
classic sites of British geology. Each 
guide includes maps and many 
diagrams. More than 30 guides are 
currently available and new titles are 
being added to the series all the time. 


Proceedings The GA publishes 
transcripts of its internationally 
respected research papers, review 
articles and reports on the field 
meetings that are held under its 
auspices. Much of this work is, of 
course, very high level. 


Wide-ranging Groups The GA is very wide 
ranging, with both professional and 
amateur geologists as members. It holds 
lectures, organises field trips and 
publishes a newsletter, as well as having 
an excellent library. 

The Geologists' Association 

Burlington House, Piccadilly 

London W1J ODU 

Tel. 020 7434 9298 

Fax. 020 7287 0280 
http://www.geologist.demon.co.uk 


Australia 

The Australian Mineral Collector website 
http://www.mineral.org.au/ is financed 
by the Mineralogical Society of 
Queensland Inc, and has links to clubs 
and societies across Australia, such as 
the Field Geology Club of South 
Australia. The FGCSA is a family club and 


4 Sandstone deposits 
around the shore of Loch 
Broom at the foot of Ben 
Mor Coigach in Ross- 
shire, Scotland. Britain's 
shorelines are usually 
good places for a 
beginner to make 
fascinating discoveries 
without elaborate 
equipment. 


children are encouraged to attend both 
lectures and excursions to learn more 
about their environment. 

Field Geology Club of South Australia 

P.O. Box 28, Marden, Adelaide 

SA 5070, Australia 
http://www.fgcsa.bigpondhosting.com/ 


New Zealand 
Mineral hunters in New Zealand can 
gather information from the national 
Institute of Geological and Nuclear 
Sciences (GNS), which produces popular 
brochures and books that describe the 
New Zealand landscape and its geological 
development. You should contact: 

Publications Sales 

Institute of Geological & Nuclear 

Sciences 

P.O. Box 30-368, Lower Hutt 5040, New: 

Zealand 

Tel: «64 4 570 1444 

Fax: «64 4 570 4600 
http://www.gns.cri.nz/ 


For listings of other clubs in New Zealand, 
visit the website of the Canterbury 
Mineral and Lapidary Club: 
http://canterbury.cyberplace.co.nz/ 
community/cmiclub 


South Africa 
Anyone wanting to know about the 
mineral riches of South Africa should 
contact: 
Geological Society of South Africa 
(GSSA) 
P.O. Box 61809 
Marshalltown 2107, South Africa 
Tel: +27 (11) 492 3370 
Fax: +27 (11) 492 3371 
http://www.gssa.org.za/ 
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how chemical elements ~ 
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Gold is one of the world's 
most precious metals. 

Fg Itis used in jewellery and 
 ornamentation and is one of the 
few metals that does not corrode. Since 
its value is more stable than currency, it 
is widely invested in by banks. 
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old is a native element, usually found on 
its own in nature, uncombined with other 
minerals. It also occurs naturally combined 
with silver as electrum. It is a good conductor of 
heat and electricity and weighs nearly twice as g 
much as silver. Gold is rare and it resists tarnishing / 
and corrosion. It is also very soft and can be 
shaped and moulded easily. 
Today, gold is one of the world's most precious A. A flat-shaped gold nugget from Leonora, 
e metals. It is used in ornamentation, jewellery and, Western Australia. 
because it holds its value better than currency, it is 
viewed as a good investment. The most important 


gold mines are found in South Africa, Russia, Canada, == n aean anm eeni} SERIE it 

the USA and Australia. | Gold is found in very small amounts over | 
widespread areas of the Earth. Itis often mined | 

Gold through the ages to great depths when found in its natural state, 

By the 4th century BC, the hunt for gold was or it can sometimes be extracted from deposits 

widespread in countries such as Persia, India, Arabia of other metals, such as copper and lead, during a 

and Egypt. The mines worked by the Egyptians in the refining process. On a smaller scale, it is still possible 


to pan for gold in the gravel 
beds of streams and rivers. | 
Every continent has | 
gold deposits, but the 
most famous are those in 
California, USA, the discovery | 
of which in 1848 brought 
about the ‘Great Gold Rush’. | 
Other major producersare . | 
the South African Transvaal, | 
the Kirkland Lake and | 
Porcupine gold mines of | 
Canada, a stretch between | 
California and Alaska in the | 
USA, and the Golden Mile | 
area of Kalgoorlie, Australia. | 
Smaller deposits are found 
in Russia, Europe and Asia. 


4 Native gold in quartz from 
Aosta, Italy. 


Native element 


- MINERALS 


Nubian Desert 
provide us with 
most of the 
gold relics that 
survived from 
that period. 

Gold as 
coinage is 
believed to 
have made 
its appearance 
in the 7th 
century BC, when 
the kings of Lydia, in 
west Asia Minor, marked golden 
coins with their royal stamp to 
guarantee their value. 

The famous ‘Gold Rushes’ in California between 
1848 and 1853 involved 250,000 prospectors and 
produced more than $200 million worth of gold. 


FACT FILE 


GOLD 


Group: Native elements 


Crystal system: Cubic 


Habit: Usually grains; crystals rare but octahedral or cubic 
Chemical symbol: Au 

Hardness: 27-3 

Density: 19.3 

Cleavage: Absent 

Fracture: Hackly 


Colour: From yellow gold to brass gold 


Streak: Yellow 


Lustre: Metallic 


Fluorescence: Absent 


CHARACTERISTICS 


Gold is soft, bright yellow and very heavy - it weighs 
nearly twice as much as silver. Stone Age man is 
credited with discovering this precious metal. He 
quickly realised it could be melted down and 
moulded into primitive decorative shapes. 

Gold is a good conductor of both heat and 
electricity. Its resistance to corrosion also makes it 
unique among metals. It is insoluble in most acids, 
with the exception of selenic acid, hydrochloric acid 
and aqua regia, which is a yellow fuming mixture of 
nitric acid and hydrochloric acid. It is also soluble in 
mercury, so gold jewellery and ornaments should be 
kept well away from this metal. 

When found alone in nature, uncombined with 
any other substance, gold is called a native element. 
It is normally found in tiny grains that are widely 
spread, or in 'tree-like' shapes. There are four main 
types of gold deposit. In lode deposits, gold is found 
in thin veins in rock, along with quartz or pyrite 
(which is known as 'fool's gold' because it resembles 
gold in colour). Gold is also found in placer deposits, 
where it has been washed downstream after rocks 
in which it was formed were weathered and eroded. 
Tiny grains of gold are often carried long distances 
by streams and can be sifted from gravel by panning. 
To pan, you need to wash away all but the heaviest 
minerals, then search for these flecks of gold. Gold 
is often found in massive deposits of nickel, copper, 
lead or silver. It is extracted during a smelting 
process, when the various metals are separated. 
Disseminated - or spread out - deposits of gold are 
also recovered as a by-product of copper mining. 


<4 A A An Etruscan gold upholsterer's tack from 480 BC. 
< A The famous salt-cellar in solid gold made in 1543 by 
Benvenuto Cellini for Francis ! of France. 

4 Flakes of native gold from the gravel of the Orba 
River in Piedmont, Italy. 


Analcime crystals are often 
associated with volcanic 
rocks. Fine crystals are 

eminently collectable. As with 
many zeolite minerals, when heated, 
‘water of crystallisation’ is given off. 


nalcime (also known as analcite) gets its name 
A from the Greek word analkidos, meaning 
‘weak’ or ‘without strength’. This refers to the 
fact that when analcime crystals are rubbed, only a 
weak electrical charge is produced. The mineral 
belongs to a group called the zeolites. These are silicate 
minerals with water included in their chemical 
composition. Analcime is made up of the metals 
sodium and aluminium combined with silicon, A. A perfect single crystal of analcime from the 
oxygen and hydrogen. The water in analcime is lost island of Lachea, close to Acitrezza (Catania, Sicily). 
when specimens are heated, and regained as they cool. 
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v Pink crystals of analcime from the Siusi Alps near 
Common use Bolzano, Italy. Both photographs underline the point 
Man-made zeolites (silica gel) are used to keep that it is not only rare and unusual minerals that 
moisture away from electrical and optical equipment. can be beautiful - analcime is considered one of the 
world's most common minerals. 


Often analcime occurs in clusters of crystals, 
which may be colourless, white, grey, pink 

or green. Their crystal shape is complex, 

but is based on the cube. As well as the 

usual observations and mineralogical tests, 
there are a number of tests involving 

heating which help in the identification of 
analcime. As a zeolite mineral, analcime 
contains water in its chemical composition. 
This property is best observed when 
specimens are heated in a test tube and water 
is seen to form in the tube. These tests should 
only be carried out in laboratory conditions. 
When heated, the mineral eventually becomes 
a colourless globule. Analcime turns a flame 
yellow, because of the presence of sodium in 
its chemical composition. The mineral has no 
industrial uses, and is only of interest to 
mineralogists and collectors. It is a relatively 
hard mineral, which cannot be scratched 

with a coin, but is marked by quartz. 


 Commonplace mineral 


The word ‘zeolite comes from the 
Greek words zein, meaning ‘to boil’, 
and J/ithos, meaning ‘a stone’. These 
relate to the way zeolites swell up 
and give off water when heated. 
Analcime forms in a number of 
geological situations. It can be 
found in igneous rocks, especially 
those with a low silica content 
(such as dolerite and basalt) as a 
primary mineral — one which forms 
as the rock originally cools from 
magma. It also occurs in cavities in 
basaltic lavas. As such lavas cool, 
the gas contained within them may 
be trapped and make rounded 
hollows in the lavas. These hollows, 
called vesicles, are ideal places for 
the formation of mineral crystals, 
often long after the lava has cooled 
into solid rock. It is here that fine 
analcime crystals form, growing 
from elements in fluids circulating 


through the rock. 
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ANALCIME 


Group: Silicates (zeolite) 


Crystal system: Cubic 


Chemical formula: 
NaAlSi,0,.2H,0 
Hardness: 5-5% 
Density: 2.24-2.29 
Cleavage: None 


Fracture: Uneven or 
conchoidal 

Colour: Colourless, white, 
grey, pink or green 
Streak: White 

Lustre: Vitreous 


Fluorescence: Absent 


< An analcime crystal 
mounted on an aegirine 
crystal from Mont St- 
Hilaire, Quebec, Canada. 


ORIGINS and DISTRIBUTION &% 


v Analcime 
crystals with 
the minerals 
mesolite and 
calcite. 


Analcime can also be a 
'secondary mineral'. This means it 
can develop from the alteration of 
already formed minerals, in this 
case, nepheline and sodalite. 


Much analcime occurs in cavities (vesicles) in basaltic 
lava. This is one of the most common rocks in the 
Earth's crust, so analcime is very widespread. It is 
also found in some sedimentary rocks, especially 
sandstone and siltstone. Excellent crystals are 
common, and among the best are clear crystals from 
Catania, Trento, Pisa and Bolzano (Italy). Mont St- 
Hilaire, Quebec, and the Bay of Fundy in Nova Scotia 
(Canada) have produced exceptional crystals. Volcanic 
rocks in western Scotland (Skye and Mull) and similar 
rocks in Iceland have long been a source of analcime 
crystals. Many other European countries, including 
Ireland, Austria and Norway, are good locations. In 
the USA many regions have provided much analcime, 
such as Grant County (Oregon), Jefferson County 
(Colorado), South Dakota, Nevada and Utah. 


Testing for analcime 
Mineral collectors can test for analcime in three ways 
(tests should be done under laboratory conditions): 


1. Heat the sample in a 
flame. If it is analcime, it 
will melt and the flame 
will turn yellow. 


2. When heated in a 
closed test tube, analcime 
will give off crystallised 
water. This characteristic 
is one that is shared by 
all the minerals in the 


zeolite family, of which 
analcime is a member. 
Other minerals in the 
zeolite group are 
heulandite, stilbite, 
harmotome, chabazite, 
natrolite, thomsonite 
and laumontite. 


3. Analcime dissolves 
in acids. 


Kainite turns to liquid in 
moist air. Its crystals are 

, very rare and are produced 
by evaporated salt water. 
The mineral is used mainly in chemical 
fertilisers for agriculture. 


ainite was first identified in 1865 — its name 

comes from the Greek word kainos, meaning 

‘new’. Fully-formed kainite crystals are very 
rare, but the mineral has no value as a gemstone, as it 
turns to liquid when exposed to water or moist air. 
Kainite is used in plant fertilisers in agriculture. 


Industrial use 

Kainite is of interest to scientists because of its 
chemical composition: it is made up of potassium, 
which is used in fertilisers; magnesium, which is 
used in medicine; and chlorine, which is used as 

a bleaching agent. Of all these elements, only 
potassium is industrially extracted from kainite — 
therefore the mineral is of most use to the farming 
and gardening industries. 

In normal circumstances kainite is colourless, 
but when it occurs with other salts, particularly rock 
salt, sylvite and carnallite, it can take on shades of 
grey, dark blue, violet or yellow. Collectors must 
keep kainite in a small covered box, because if 
samples are left in the open air they will spoil 


quite quickly and change into liquids. Scientists call 
this phenomenon deliquescence. 


Evaporite minerals 
Kainite is one of the minerals that is found in 
evaporite deposits. These minerals are important 
economically, because they provide raw materials for 
industrial products such as road salt and plaster board. 
Among the most common evaporite minerals are 
gypsum, which is used in plaster of Paris and 
blackboard chalk; and halite, which gives us table salt. 


ORIGINS and DISTRIBUTION &, 4 


Kainite is a mineral found in layers of rock that 
formed when salt water evaporated, leaving 
extensive beds of sediment behind. This means that 
wherever kainite deposits are found, we can assume 
the land was at one time under water. The deposits 
were then covered over 
by fresh, new layers of 
rock as the environment 
changed. 

The main deposits 
of kainite are found in 
Stassfurt in Germany, 
where the mineral is 
extensively mined, in 
Kalisz, Poland, and in the 
Ukraine. It also exists in 
smaller deposits in Italy, 
and in Texas and New 
Mexico, USA. 


4 A Examples of colourless 
kainite from New Mexico, 
USA (top and left). 
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A Y Examples of kainite found in New Mexico, USA. 


Kainite must be kept in a covered glass or plastic case 


(below). If it is left exposed to moist air it will quickly 
turn to liquid and decompose. 


Evaporites form as saline water dries out — the 
various salts crystallise when the water evaporates. 
Evaporites can be found almost anywhere in the 
world — even in regions that are now hot, barren 
deserts. They often occur in places where rivers 
and streams flow into enclosed lakes. They 
develop over long periods of time, as the salt 
water slowly evaporates. 

Kainite was only discovered in the mid-19th 


century and our knowledge of minerals is still growing 


today — 30 new minerals are identified every year. 


MINERALS | 


CHARACTERISTICS 


Kainite is a member of the sulphate group of 
minerals. Its crystals are extremely rare, but 
occasionally they can be found in rock cavities. 
Although this is highly unusual, when it does happen 
the resulting crystals can be several centimetres 
long. Kainite more commonly appears as shapeless 
masses, but it is also found in layers with other salts, 
especially rock salt, sylvite, gypsum and carnallite. 
Pure kainite is colourless but when there are 
impurities present it may take on other colours. It 
is generally transparent or translucent, has a glassy 
surface and is easily chipped. Kainite dissolves in 
water, so samples must on no account be washed, 
but rather dusted gently with a soft brush. 


FACT FILE 
KAINITE 


Group: Sulphates 

Crystal system: Monoclinic 
Chemical formula: KCIMgS0,3H,0 
Hardness: 2'/.-3 


Cleavage: Perfect 
Fracture: Splintery 
Colour: Colourless 
Streak: White 

Lustre: Vitreous 
Fluorescence: Absent 
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Mottramite is named 

after the English village 

in which it was 

originally discovered, 
Mottram St Andrew 

near Wilmslow in Cheshire. 


4 Mottramite on 
wulfenite 
(Arizona, USA). 


ottramite crystals tend to 

be quite rough and their 
L shape is variable. The 
colour can be light or dark green, 
black or brown. 


History 

The history of mottramite 
is an interesting example 
of how a small, local 
discovery can alter the 
preconceptions of i. 
geologists worldwide and 

make it necessary for them to 
reconsider their classification of 
other minerals. 


Mottramite was originally discovered in Cheshire 
in 1876, and for a while it was not known to occur 
anywhere else. But then scientists compared it with a 
light yellowish mineral that had been found in 1879 
in lava thrown out by Mount Vesuvius in Italy in 
1631. Although this had previously been hailed as a 
new discovery and given the name vesbina, it was 
subsequently analysed and found to be mottramite. 


Mottramite is a vanadate that contains lead, 
vanadium, copper, zinc, oxygen and hydrogen. 
Mottramite crystals belong to the orthorhombic 
system and have very variable shapes - they may be 
pyramidal, prismatic or tabular; their faces are often 
quite rough and uneven. | 

Stalactite- and grape-shaped (botryoidal) | 

aggregates are common. Mottramite has a glassy | 
sheen (vitreous lustre) and can be transparent | 

, or opaque. It is heavy and fragile, and is fairly 

' easily scratched. 

A Tiny grape-shaped (botryoidal) mottramite (Namibia). " cs 


Rare mineral 


> Small crystals of mottramite in 
grape-shaped (botryoidal) aggregates 
from the mines at Tsumeb, Namibia. 


v Y Crystals of mottramite from the 
wonderfully named Total Wreck Mine 
in Pima County, Arizona, USA. 


So vesbina was deleted from the list of minerals 
and its place taken by mottramite. Since then, 
mottramite has been found in several other 
countries, including Bolivia, Chile and the USA. 


that are made up of various metallic elements 
combined with vanadium and oxygen. Some books 
classify vanadates as a sub-heading under phosphates, 
but they are in fact similar only in as much as the 
phosphate radical (PO,) has the same number of 
oxygen atoms as the vanadate radical (VO,). 
Vanadium is a soft, silvery-white metal used in 

steel alloys to increase resistance to heat. 


MOTTRAMITE 


Group: Vanadates 


Crystal system: Orthorhombic 


Chemical formula: Pb(Cu,Zn)VO,(OH) 


Hardness: 3-3 


Density: 5.9 


Cleavage: None 


Fracture: Uneven to conchoidal 


Colour: Green, brown, black 


Streak: From yellow to brown 


Lustre: Vitreous to greasy 


Fluorescence: Absent 


ORIGINS and DISTRIBUTION 


Mottramite is mainly found in areas where metal- 
bearing deposits have been oxidised by air and/or 
water. It occurs in association with pyromorphite, 
vanadinite, calcite and cerussite. 

Some of the best mottramite specimens 
come from the Otavi area of Namibia. In Europe, 
mottramite is found in the Black Forest of Germany, 


around Cap Garonne in south-west France and in 
parts of Italy. Deposits have also been found in 
Bolivia, Chile and in many places in the USA. 
Mottramite is still to be found in its original location, 
Mottram St Andrew, Cheshire, England. 
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e Traditions, 
myths and 


legends 


The magic of minerals 


We are so used to thinking of minerals as 


materials used in modern industry 


and 


science, we tend to forget that in the 
past many people believed they had a 
wide range of magical, mystical and 
medicinal properties. Some of these 


beliefs were remarkably accurate, 
others simply bizarre. 


F or thousands of years, people have made 


extraordinary stories about minerals and 


up 


gemstones. As a result, traditions and legends 
involving magic, astrology, alchemy and religious 
symbolism abound. The chalice used at Christ's Last 
Supper (believed by some to be the Holy Grail) was 
said to have been made of sardonyx. The crystal balls 
in which clairvoyants claimed to see the future were 
made of quartz. Certain minerals, it was thought, 
could make their owners immune to poisoning. Some 


gemstones were believed to calm fevers, cure 
hangovers and make warriors invincible. 
Alchemists even claimed they could turn 
ordinary metals into gold or silver. 


Astrology 
Medieval astrologers tried to establish links 
between gemstones and each of the 12 signs 
of the zodiac. They believed that gemstones, 
like humans, were born under the influence 
of the planets. A person born under the sign 
of Pisces (19 February to 20 March), for 
example, shared that sign with the amethyst 
gemstone. Amethyst was therefore thought 
to be of particular benefit to those born 
under the sign of Pisces. 

Nowadays, although many people 
read their horoscopes in newspapers and 
magazines, most of them take astrology 


A Grinding up gemstones to make healing potions, 
from a 14th-century illustrated manuscript. 


Until the 16th century, minerals and gemstones 


were listed in 'lapidaries'. A lapidary was a document 


in which the characteristics and properties of 


minerals were described in great detail. The earliest 


surviving lapidary is contained in a monumental 


encyclopedia of the 1st century AD called Naturalis 
Historia (The History of Nature) by Pliny the Elder. 
This work was referred to by writers throughout the 


Middle Ages. Some medieval lapidaries listed the 
magical and medical properties of gemstones, 

nm some explained 
their astrological 
significance, while 
others concerned 
themselves with 


but others were 
scientific thought 
they now provide a 


of that period. 


religious symbolism. 
Most of the documents 
were written in prose, 


written in verse. The 
lapidaries influenced 


throughout the Middle 
Ages, and as a result 


wealth of material for 
students and historians 
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Traditions, myths and legends 


with a pinch of salt, but it was not always the 
case. In the past, wars were started, invasions 
planned and battles waged on the strength of 
astrologers’ predictions, while marriages were 
believed to be blessed or doomed according to 
the compatibility of a couple’s star signs. 


Healing properties 

In days gone by, minerals and gemstones were 
believed to have healing properties every bit as 
curative as those of plants. Sometimes, scientific 
evidence supported the theories — Epsom salts, 
for example, really do clear out the digestive 
system. But other ancient ideas, such as the 
belief that if you swallowed ground amethysts it 
could prevent a hangover, probably caused more 
internal bodily damage than clear heads. It is 
also unlikely that grinding up agate and drinking 
it with wine will heal open wounds, or that 
sapphires with milk will calm intestinal motions. 


Talismans and amulets 

Gemstones were often used in the past as 
talismans and amulets. These were supposedly 
endowed with supernatural powers — particularly 
the power to avert evil or misfortune. 

Originally, incantations and magic spells were 
chanted over talismans and amulets to invest 
them with magical powers. But later civilisations 
began to inscribe magic spells on the talismans 
and amulets themselves. 

The ancient Egyptians used amulets to 
protect against evil. One of the most common 
was a gemstone cut in the shape of a scarab 
beetle. This was worn by the living, but also left 
in tombs to protect the dead. 


The alchemists’ secrets 

Alchemy is an ancient ‘science’ — the forerunner 
of chemistry. In ancient China, India and 
Greece, alchemists believed that the planets 
influenced the elements that make up all forms 
of matter. They claimed all matter could be 
improved if only a way could be found to ‘make 
it better’. To prove it, they set about trying to 
change lead into the more valuable gold. 

In the alchemists’ view, this was similar to 
the perfection a human soul might achieve in 
heaven, and they tried to ‘cleanse’ lead in a 
similar way. They did this by mixing a variety 
of minerals and pasting the mixture onto the 
lead before baking it. In some cases the resulting 
colour may have been reminiscent of gold, but 
the alchemists were, of course, doomed to 
failure. Lead cannot be ‘revived’ and turned 
into gold in this or any other way. 


> A selection of amulets from the Roman 
Empire (4th century BC). 
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With the advent of 
space exploration 
in the 1950s, our 


understanding of the 
solar system took a 
giant leap forward. 
Today, space satellites 
are utilised in spying 
activities, television 
and telephone 
communications. 
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echnological developments after the end of 
World War II enabled Man to launch rockets 
that were powerful enough to escape the pull 
of Earth’s gravity and go off to explore the mysteries 
of outer space. 

For many years, the two countries competing 
in the so-called ‘space race were the USA and Russia 
(the former USSR). One of many aims was to be the 
first to send men to the Moon. The first space flights 
were unmanned; then dogs and monkeys were sent up 
in rockets to see if it were possible to sustain life 
outside the Earth's atmosphere. 

On 12 April 1961, the Russian Yuri Gagarin 
became the first man in space when he orbited the 
Earth in Vostok 1. He was followed on 20 February 
1962 by John Glenn in a US Mercury capsule. 

The momentous occasion finally occurred on 20 
July 1969. Astronaut Neil Armstrong, in Apollo 11, 
planted the US flag on the surface of the Moon. As he 
himself described it: “This is one small step for man, 
one giant leap for Mankind”. 

Between 1969 and 1972 there were five further 
US Moon landings, but after that both America 
and Russia concentrated more on other activities: 
astronauts walked in space, capsules docked together 
in space, and the space stations Salyut, MIR and 
Skylab were launched to carry out long-term research. 


In 1981, the US 
launched the first 
reusable spacecraft, 


the Space Shuttle. On 


28 January 1986 the 
25th Shuttle mission 
ended in disaster 
when the spacecraft 
Challenger exploded 
on launch, killing all 
seven crew members. 
Despite this, and the 
loss of Space Shuttle 
Columbia in 2003, 
the space project 
continues. 
Nowadays, 
satellites are used for 
commercial, military 
and scientific 
purposes. There are 
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The launch of the Shuttle 
Discovery from Kennedy Space 
Center in 1992. The crew of 
seven spent eight days in space. 
Manned space flights gave a 
massive boost to our 
knowledge of the solar system. 


spy satellites that monitor activity in various countries 
around the world — particularly countries suspected 

of developing nuclear weaponry. Television and 
telephone communications systems bounce signals off 
fixed-orbit satellites, and space probes have been sent 
to investigate the solar system. 
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The planets 


The solar planets' vital statistics are constantly being 
updated as new research increases our awareness and 
knowledge of our closest neighbours in space. 


> A Radar Mapper vessel 
approaching the planet 
Venus. 


v The planet Jupiter is the 


largest in our solar system. 


v The surface of the 
planet Mercury 
photographed by the 
Mariner 10 NASA space 
capsule. 


MERCURY 


Orbital revolution: 88 days 


Distance from Sun: 
58 million kilometres 


Diameter: 4,878 kilometres 


Rotation: 59 days 
Satellites: 0 


VENUS 


Orbital revolution: 225 days 


Distance from Sun: 
108 million kilometres 


Diameter: 12,100 kilometres 


Rotation: 243 days 
Satellites: 0 


EARTH 


Orbital revolution: 365 days 


Distance from Sun: 
150 million kilometres 


Diameter: 12,756 kilometres 


Rotation: 24 hours 


Satellites: 1 (the Moon) 


MARS 

Orbital revolution: 

1 year 322 days 
Distance from Sun: 
221 million kilometres 


Diameter: 6,780 kilometres 
Rotation: 

24 hours 37 minutes 
Satellites: 2 


JUPITER 

Orhital revolution: 

11 years 328 days 
Distance from Sun: 
178 million kilometres 


Diameter: 142,796 kilometres 


Rotation: 10 hours 


Satellites: 4 large satellites; 


up to 60 smaller ones 


SATURN 

Orbital revolution: 

29 years 168 days 
Distance from Sun: 
1,427 million kilometres 


Diameter: 120,700 kilometres 


Rotation: 10 hours 


Satellites: 18 large satellites 
and up to 14 smaller ones 


URANUS 

Orhital revolution: 

84 years 4 days 
Distance from Sun: 
2,870 million kilometres 


Diameter: 49,693 kilometres 
Rotation: 10 hours 
Satellites: 27 


NEPTUNE 

Orbital revolution: 

164 years 292 days 
Distance from Sun: 

4,497 million kilometres 
Diameter: 48,600 kilometres 
Rotation: 14 hours 
Satellites: 13 


DWARF PLANETS 
Ceres, Pluto and 2003 
UB313 

Beyond Neptune there is an 
unknown number of smaller 
bodies, now known as 
dwarf planets. Pluto is 
smaller than Earth's moon. 
2003 UB313, sometimes 
known as Eris, is 5096 larger 
than Pluto. Ceres, in the 
asteroid belt, has also been 
classed as a dwarf planet. 


ASTEROIDS 


The asteroid belt occupies 
the 550 million kilometre 
gap between the orbits of 
Mars and Jupiter. Over 
2,000 bodies have been 
discovered. The smallest 
are simply rocks that have 
no atmosphere. Tinier still 
are meteoroids. These are 
fragments of rock that burn 9 
up if they enter the Earth's 
atmosphere, producing a 
trail of light called a meteor 
or ‘shooting star’. 


t 


lMVolcánoes 


he surface of the Earth that we live on is called 

the crust. The depth of the crust can vary from 

about 8 kilometres below the ocean basins to 
about 60 kilometres below high mountain chains such 
as the Andes and the Himalayas. Below the crust is the 
Earth's mantle, which extends down about 2,900 
kilometres to where the Earth's core begins. Although 
the rocks in the Earth's mantle are not generally 
molten, they are nevertheless very hot and under great 
pressure from the weight of matter pressing down on 
them from above. In some areas, however, there is 
molten rock — called magma — and if any of this finds 
its way to the surface of the Earth, it bursts out in a 
cloud of ash and streams of lava which together are 
known as a volcanic eruption. 

When we think of volcanoes we tend to imagine 
picture postcard mountains like Fuji in Japan, Etna in 
Sicily and Vesuvius on the Italian mainland. In fact, 
volcanoes can be any hole in the ground through 
which magma reaches the surface. Some volcanoes are 
broad with low-angled slopes, while more than 60 per 
cent of them are hidden at the bottom of the sea. 


Some of the points on the Earth's surface through 
which magma is able to escape are gaps between what 
are known as the tectonic plates (tectonic comes from 
the Greek word tekton, meaning *builder). Tectonic 


Spectacular and 
destructive 
eruptions have 
taught us much of 
what we know 
about the Earth's 


interior secrets. 
What causes the 
amazing surges of 
volcanic activity 
that have literally 
shaped the Earth 
throughout 

the ages? 


B 


plates cover the whole surface of the Earth and fit 
together rather like irregular paving stones. It is when 
these plates collide, move apart or rub against each 
other that the greatest geological activity — volcanoes 
and earthquakes — takes place. In Indonesia, for 
example, which is situated on the boundary of several 
tectonic plates, there are more than 100 active 
volcanoes; on the other hand Australia, which is set 
right in the middle of a great plate, has none. 


A spectacular eruption of the Alaid volcano in the 
Kurile Islands, off Russia's Kamchatka Peninsula. 

An aerial view of the crater of Mount Tangkuban 
Prahu, Indonesia. Depressions like these often contain 
lethal gases such as carbon dioxide, carbon monoxide 
and hydrogen sulphide. 


THE STORY OF THE EARTH 15 @> 


S9OUEPEJSIOA 


Volcanoes 


There are several types of 
volcano. The most common is 
the type that occurs at boundaries 
between tectonic plates. When the 
plates move apart — and remember 
that the Earth’s surface is always on 
the move, quite slowly in a human 
timescale, but very quickly in 
geological terms — a spreading ridge 
and chain of volcanoes is formed. A 
second type occurs when two plates 
collide. Then the plate that is 
sinking beneath the other partly 
melts. This allows light magma to 
rise and erupt through volcanoes. 


Another type of volcano is the 

one that occurs above a hot spot. 
Hot spots are caused by centres 

of activity in the Earth’s mantle, 
which produce large quantities of 
magma. These are too large to be 
contained underground and so the 
magma rises from the mantle to 
the surface, where it pushes a hole 
through the tectonic plate and 
forms a volcano. The world’s 
biggest volcanoes are of the hot 
spot variety. Two of these - Mauna 
Loa and Kilauea — are in the 
Hawaiian Island chain in the 
Pacific Ocean. 

The location of hot spots may 
bear little or no relation to the 
Earth's tectonic plates, but some 
scientists believe that many of them 
mark the sites of former plate 
boundaries. As time passes, the hot 
spots seem to move, causing old 
volcanoes to become extinct and 
to be replaced by newer, active 
volcanoes nearby. This is due to the 


A lava pond on Mauna Loa volcano, 
Hawaiian Islands, USA. 


In November 1963, an undersea eruption off the south-west coast of 
Iceland gave birth to a new island, Surtsey. Iceland lies on the Mid-Atlantic 
Ridge. Although it is mostly submerged beneath the ocean, this ridge is 


the world's largest and 


longest mountain range, 
stretching from the Arctic 
to the Antarctic. It is 
spreading steadily as 

its size is increased by 
volcanic eruptions at the 
bottom of the sea. 


Surtsey Island, 
photographed a few 
days after it first 
appeared in 1963. 


fact that the hot spot itself remains 
in the same position, while the 
tectonic plate moves above it. 

The Hawaiian chain is gradually 
moving south-eastwards, creating 
a new volcano, Loihi, which will 
eventually become part of the 
island group. 

When a volcano erupts, magma 
is expelled with such force that it 
blasts out great clouds of matter 
that can range from small amounts 
of ash to great rocks as large as a 
house. These solid fragments that 
are forced out of the volcanoes are 
called pyroclastics. 


Another product of volcanic 
eruption is molten rock, called lava. 
Basic lava, which has a relatively 
low silica content, can flow slowly 
for many miles. Intermediate and 
avid lavas, which have a higher 
silica content, do not flow so far — 
they form steep-sided explosive 
volcanoes. A flow that 
consists of gas and 
incandescent droplets of 
lava held in suspension 
(called a pyroclastic 
flow) can flow up to 
64km/h. The gases 
expelled from an 
erupting volcano can be 
very dangerous. Carbon 
dioxide is the most 
hazardous because it is 
odourless. It settles in 


hollows and destroys all the life in 
them. Hydrogen sulphide is also 
highly poisonous, although it does 
announce its presence with a 
pungent smell not unlike bad eggs 
and rotting cabbage. Of the other 
gases, hydrogen chloride and 
sulphur dioxide irritate the eyes 
and throat, while hydrogen fluoride 
is very corrosive and will etch 
marks on glass. 


It can be difficult to know whether 
a volcano is extinct. It may lie 
dormant for 1,000 years, then 
suddenly erupt again, destroying 
everything around it. There are 
many famous examples of this. 

In 79 AD, Mount Vesuvius 
erupted without warning and 
buried the towns of Pompeii and 
Herculaneum. In 1968, Mount 
Arenal in Costa Rica erupted for 
the first time in recorded history. 
Mount St Helens, in Washington 
State, USA, blew up in 1980, after 


having lain dormant since 1857. 


In 1974, the Mariner 9 space probe 
discovered volcanoes on the 
planet Mars. One of them, 


Olympus Mons, is the largest in 


the solar system. In 1979, Voyager 
1 photographed eight active 
- volcanoes on Jupiter's satellite lo. 
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Galena is the main 
industrial source of the 
metallic element lead. 


alena is a common mineral that occurs 
in hydrothermal mineral veins. Other 
minerals found with it include 
sphalerite, fluorite, quartz, calcite and pyrite. 
These minerals are formed by crystallisation 
from hot fluids that circulate up through 
the Earth’s crust into faults and other breaks 
in the strata. Galena is a sulphide of lead; 
each molecule contains one atom of lead and 
one of sulphur. 


Named for lead 
The word ‘galena’ is Latin for lead ore. Galena is 
also sometimes known by the alternative name 
‘lead glance’. In this context ‘glance’ comes from 
the German word Glanz, which means ‘brightness’ 
or ‘lustre’. 
A A lump (massive aggregate) of galena. 

A silvery grey mineral Note the visible planes of cleavage. 
Galena is a silvery grey mineral, with a metallic lustre 
when freshly broken, but it can also be a dull lead 
colour, especially if it has been exposed to the air for 
some time. Possibly its best identification feature is its 
very high density of 7.5. This is higher than most | the 
common minerals. . sulphide group of minerals. Each molecule contains 

If you are searching for galena on the spoil heaps | one atom of lead combined with one atom of sulphur. 
of old mine workings, you may come across rock | A Crystals of galena belong to the cubic system of 
specimens that seem excessively heavy. These will | symmetry and usually occur either as cubes or as 

. eight-sided figures. Non-crystalline deposits form in 
FACT FILE . shapeless masses, tiny grains or long, thin fibres. 

i Galena is a heavy mineral, weighing about seven 
GALENA and a half times more than the equivalent volume of 
Group: Sulphides . water. Its most distinctive property, however, is its | 
Crystal System: Cubic perfect cleavage: when struck with a hammer or | 
Chemical formula: PbS . subjected to similar forms of pressure, it breaks off | 
Hardness: 2/ cleanly along its weakest planes and leaves clear cubic — 
Density: 7.4-7.6 shapes behind. | 
Cleavage: Perfect Galena reacts easily with the oxygen in air or water 
Fracture: Subconchoidal to form the minerals anglesite, cerussite, mimetite or 
Colour: Lead-grey pyromorphite. When it is immersed in hydrochloric 
Streak: Lead-grey acid, the chemical reaction releases hydrogen 
Lustre: Metallic sulphide: this is the gas with the unmistakable smell 
Fluorescence: None . of bad eggs that is used to make stink bombs. 


Industrial mineral 


A Cubic crystals of galena (Lucca, Italy). 


> Cubic crystals on dolomite (Missouri, USA). 


almost certainly contain galena. If such specimens are 
carefully broken, the bright silvery colour of galena 
will be revealed. 


Identifying galena 

[t is easy to discover the grey colour of galena’s streak, 
as it is a very soft mineral with a hardness of 2% on 
the Mohs Scale. It can be easily scratched with a coin, 
and sometimes with a fingernail. 

Another good identification feature is galena’s 
crystal habit: it often forms in masses of perfect 
cubes. Other habits include octahedra and 
combinations of cubes and octahedra. Galena is 
classified in the cubic crystal system. It is sometimes 
difficult to distinguish between crystal faces and 
cleavages as galena easily cleaves into cubes, which 
may give specimens a stepped appearance. 


Testing for galena 

A special test for galena, which helps to prove that it 
is a sulphide mineral, is to powder a small amount of 
the mineral and add some cold dilute hydrochloric 
acid. Gradually the pungent, ‘rotten eggs’ smell of 
hydrogen sulphide is produced, as sulphur from the 
galena combines with hydrogen from the acid. 


Uses of lead 

Galena has been used for thousands of years as an ore 
of lead, and is still the most important source of this 

metal. The main use of lead today is in batteries. It is 


also a major component of solder, an alloy for joining 
metals, and an important component of bullets and 
other forms of ammunition. And because it absorbs 
radiation, it has an important use in hospitals and the 
nuclear industry. Lead is a cumulative poison, so its 
use in water pipes, toys, and as an additive in paint and 
petrol, has been banned. 


ORIGINS and DISTRIBUTION & a | 


Galena is a very common and widely distributed 
mineral. It is mainly found in veins that have been 
altered by the action of hot water (hydrothermals). It 
may also occur in the bedding of rocks that have been 
moved from their original location and redeposited 
elsewhere (sedimentary rocks). 

Elsewhere, galena forms in areas previously 
occupied by other mineralogical material, especially 
dolomites or limestones, and is known as a 
replacement deposit. 

Some of the most important sources of galena are 
found in the following locations: Broken Hill, New 
South Wales (Australia); Andreasberg, Freiberg and the 
Harz Mountains (Germany); the Lombard Alps and 
Sardinia (Italy); Eulalia (Mexico); Kansas, Missouri, 
Oklahoma and Wisconsin (USA). 

In the British Isles, galena is found around 
Liskeard and Truro in Cornwall and in the Pennine 
Hills in Derbyshire. 


Mesolite 


Mesolite is found in many parts of 
the world, including Scotland 


and Northern Ireland. It is a 
pretty mineral that belongs 
to the zeolite group. 


esolite is normally colourless, but it 
can also be white. Pink, red or green 
coloration is caused by the presence of 

impurities within the mineral. Mesolite has slender, 

needle-shaped crystals that are often 

found together in clusters that 

radiate outwards from a central 

point like spokes from the hub 

of a bicycle wheel. It may form 

in tufts or in very tightly 

compressed masses. 


A beautiful treasure 
Although mesolite is neither 
valuable nor rare, it is one of the 
most beautiful treasures of the 
earth. The name mesolite comes 
from Greek and means ‘stone that 


HARACTERISTICS | 


Mesolite is a zeolite mineral. 

It is composed of sodium and 

calcium with eight molecules 

of water of crystallisation. 

Its crystals appear to be 

orthorhombic, but X-ray 

analysis reveals that in fact 

they belong to the monoclinic 

system. Mesolite contains 

chains of silicate tetrahedrons 

all pointing in one direction, 

resulting in the characteristic | 
| 


needle-like crystals. 


» An astonishingly beautiful 
radiating formation of prismatic 
mesolite crystals from Poona 
(Pune), India. 


lies in the middle’. This refers to its chemical 
composition, which is intermediate between 
natrolite and scolecite — two other minerals of the 
zeolite group that also contain aluminium, silicon, 
oxygen and water. The three minerals are closely 
related and are sometimes found together. 


zeolites 

Mesolite is a zeolite — one of a group of silicates of 
the metal aluminium (alumino-silicates) that contain 
varying quantities of water. Mesolite has eight 
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‘Commonplace mineral 


> Grape-shaped 
(botryoidal) mesolite 
from Poona, India. 


molecules of water in its composition. When 


mesolite is heated, this water is driven out continuously, 


rather than in definite amounts at certain temperatures. 
Among other members of the zeolite group are the 
minerals analcime, chabazite and heulandite. 


Fine dividing line 
Because mesolite is so similar to scolecite and natrolite, 
it can be very hard to tell them apart. Natrolite is 
primarily a sodium zeolite, while scolecite is primarily 
a calcium zeolite; mesolite contains both calcium and 
sodium and so lies in an intermediate position between 
the two other minerals. 

The dividing line between mesolite, scolecite and 
natrolite is very fine indeed and it can be extremely 
difficult for amateurs to tell which is which. 


MESOLITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: Na,Ca,Al,Si,04).8H,0 
Hardness: 5 

Density: 2.25 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless, white 
Streak: White 
Lustre: From vitreous to silky 


Fluorescence: Absent 


v Very fine rounded 
masses of mesolite 
from Catania, Italy. 


ORIGINS and DISTRIBUTION ¢% 


Like many other zeolite minerals, mesolite is most 
frequently found in basaltic rock cavities. It is often 
associated with minerals such as apophyllite, 
heulandite and quartz. 

Mesolite is almost invariably found with other 
members of the zeolite group, and it may be difficult 
to tell some of them apart. Mesolite occurs in 
Australia, India, Italy, California, USA ,and in many 
other localities around the world. 

In the British Isles, mesolite is found on the Isle [ ] 
of Skye and at Kilmacolm, west of Glasgow in 
Strathclyde, Scotland, and at the Giant's Causeway, 

Co. Antrim, Northern Ireland. 


MINERALS - 


ILimonite 


zm 


Limonite is not really one single 
mineral but the name for a 
group of iron oxides. It is used 
industrially as a yellow pigment. 


imonite is a group term for several different 
mixtures of oxides and hydroxides of iron. It 
-A—/ may be black, brown or yellow and its colour 
and lack of cleavage distinguish it from goethite, 


another oxide of iron. Because limonite is not a 
precisely definable mineral it is sometimes classified by 
mineralogists as a rock — that is, an aggregate of 
various minerals, rather than a mineral itself. Limonite 
used to be an industrial source of iron, but it is not 
used very often for this purpose nowadays because 
metallurgy has advanced and because limonite is too 
often polluted by unwanted phosphorus. 


Source of ochre 
Although limonite is still sometimes used as a source 
of iron, today it is more often exploited as a pigment 
in the paint industry, providing ochre and umber 
pigments. 

It is also a constituent of the paints used by artists 
— yellow ochre provides the bold, earthy colour seen in 
many modern paintings. 

Limonite occurs worldwide as a result of the 
alteration of other minerals that contain iron. 


» This earthy limonite comes from Elba, off the coast of 
Italy. Limonite is also found in Britain, especially Cornwall. 


LIMONITE 


Group: Hydroxides 


Crystal system: None 

Chemical formula: FeO(OH).nH;O 
Hardness: 5-57 

Density: 2.7—4.3 

Cleavage: None 


Fracture: Uneven 


Colour: Yellow-brown to black 


Streak: Yellow-brown 
Lustre: Earthy 
Fluorescence: Absent 


A Earthy limonite from the Isle of Elba, Italy. 


Chemically, iron rust is a variety of limonite, but here 
we are concerned only with the limonite varieties that 
form in the earth. Limonite has no crystal shape — it is 
said by scientists to be amorphous. 


Constituents of limonite 
Two of the most important constituents of limonite 
are the iron oxides goethite and hematite. Among the 
many other materials that limonite may contain are 
various clays, manganese oxide and a form of silica 
known as colloidal silica. 

Limonite is formed by direct precipitation from 
salt or fresh water in shallow seas, lagoons or bogs. 
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Commonplace mineral 


Precipitation occurs when compounds held in 
solution in a liquid crystallise into solid forms as 
the liquid vaporises. 


Bog iron ore 
Because limonite is often found in bogs, its common 
name is ‘bog iron ore’. 

Its name limonite comes from the Greek word 
leimons, meaning meadow, since it is often found in 
meadows and marshes. 


Similar mineral 
A great deal of the iron oxide that is loosely and 
inaccurately described as limonite is in fact goethite. 

Goethite is almost identical chemically to 
limonite, and the main differences between them 
are as follows: 

1. Goethite has no molecules of water of 
crystallisation (water present in hydrated 
compounds), whereas limonite may have an 
indefinite number. This is referred to in limonite’s 
chemical formula as ‘nH,O’; H,O is the chemical 
formula for water (signifying two atoms of hydrogen 
bound with one atom of oxygen), and ‘n stands for 
any whole number. Compare this to the many 
minerals that have a definite number of molecules of 
water of crystallisation — analcime, for example, has 
one molecule of water; apophyllite has eight. Many 
other such minerals can be found throughout 
Treasures of the Earth. 

2. Goethite has perfect cleavage, while limonite 
has none — that is, goethite will split cleanly when it 
is struck with a sharp blow, while limonite will not, 
because being amorphous it is not crystallised and 
so has no internal structures that can produce 
cleavage surfaces. 

Cleavage is related to crystal structure, but 
cleavage surfaces do not always follow the edges of 
crystals. Fluorite, for example, forms cubic crystals 
but cleaves parallel to the octahedron. 


4 Hemimorphite crystals 
enclosed in a mass of 
limonite. 


of iron oxides and hydroxides, among which the 
most prominent are goethite and hematite. 
The fundamental constituent of limonite is 
microcrystalline goethite, but there are so many 
possible variants that limonite does not really have 
a sharply defined chemical formula of its own. 
Limonite is never found in crystal form, but often 
as earthy masses that are easily breakable. Any crystals 
that are found in a mass of limonite are most likely to 
be goethite or hematite. However, many other 
minerals may also be found in limonite, including 
lepidocrocite, maghemite and hisingerite. 


ORIGINS and DISTRIBUTION & 


Limonite is found in some rocks that contain the 
metal iron. It forms through the alteration of 
various pre-existent materials. Limonite may also 
have organic origins when it is formed from bacteria 
in lakes or coastal basins. 

The rust that forms a thin film (patina) on iron 


is also made up of limonite. The most important 
limonite occurs in laterite deposits. Laterites 
consist of residual and insoluble oxides of iron and 
aluminium formed by the weathering of rocks in 
mainly tropical regions. Angola, Brazil, Canada, Cuba, 
France, India, Italy and the Democratic Republic of 
the Congo have extensive deposits of limonite. 


Tests 

Limonite gives off its water of crystallisation when (^ 
heated — this can be seen on the inside of a closed test 
tube — and it dissolves very slowly in acid. Goethite, in 
contrast, has no water to give off and becomes 
magnetic when heated. 


MERE 


Y Heliodor 
from Volyn, 


<N Ukraine. 


Heliodor is the yellow form 

of the mineral beryl. Its 

luminous, golden colour 
makes it very suitable for jewellery. 
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he colour of heliodor may be either golden 

yellow or green-yellow. The perfectly clear 

crystals used in jewellery are often artificially 
heated to increase their sparkle. 


Colour 

Heliodor gets its distinctive colour from one of 
two mineral compounds that may be present 
within the gemstone. Heliodor that is golden 
yellow gets its coloration from uranium oxide, 
while greeny yellow heliodor derives its colour 
from iron oxide impurities. 

If a heliodor specimen contains radioactive 
uranium in sufficiently high quantities, it will appear 
luminescent when exposed to ultraviolet rays. 

Heliodor often contains inclusions that are visible 
beneath the clear surface of the gemstone — typically, 
these inclusions consist of a transparent liquid and a 
bubble of gas. Heliodor may also show different 
colours if seen from different directions (pleochroic). 

Heliodor is found in pegmatite deposits in many 
places, particularly near Santa Maria do Suaqui in 


<A zircon included in beryl from Sandrio, Italy. 
The radioactivity of the zircon has coloured the 
blue beryl yellow. 


CHARACTERISTICS 


Heliodor is the precious yellow gemstone form of the 
silicate beryl, and it is therefore exactly like beryl in 
almost every respect except of course that of its 
colour, which it derives from the presence of various 
impurities within its crystal structure. These impurities 
may either be uranium oxide or iron oxide. Uranium 
oxide causes the heliodor to take on a greeny yellow 
coloration, while iron oxide gives rise to a yellowy- 
green tinge in the gemstone. Heliodor crystals are 
hexagonal. It is a very hard gemstone - between 77 
and 8 on the Mohs Scale - and it has a glassy sheen 
(vitreous lustre). 


Semi-precious stone 


Minas Gerais, Brazil. The most recently discovered 
source of heliodor is at Rossing, in the Swakopmund 
area of Namibia, where a previously unknown deposit 
of heliodor was located in 1910. Other important 
deposits of heliodor are found in Madagascar, 
Afghanistan, Sri Lanka and Ukraine as well as in 
numerous locations in the USA, the chief of which is 
the Roebling Mine at New Milford, Connecticut. 


Impurities 

Many gem-quality heliodor specimens 
do not have any impurities at all, but 
some have fine, slender tube-shaped 
inclusions that are visible beneath the 
clear surface of the gemstone. 


The cut 


'The commonest cut for heliodor is the 
oval; the round cut is also used, but less 
frequently. The drop cut is particularly 
suitable for heliodor earrings because it 
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HELIODOR 


Group: Silicates 


Crystal system: Trigonal 
Chemical formula: Be,Al,Si,0;, 
Hardness: 7/—8 

Density: 2.6-2.9 

Cleavage: Indistinct 


Fracture: Uneven to conchoidal 


Colour: Golden yellow, greenish yellow 


RIBUTION CC rs 


Like other forms of beryl, heliodor occurs in coarse- 
grained intrusive igneous rocks called pegmatites. 
Hot fluids circulating through these rocks contain 
the elements from which a variety of minerals can 
be formed. 

Heliodor may also form as part of certain 
sedimentary deposits because it is so hard that it 
can be transported from one site to another by 
water without alteration or damage. 

Heliodor is found in many parts of the world. It 
occurs in the mineral-rich Minas Gerais region of 
Brazil, and in Italy, Madagascar, and Namibia (where it 
is found together with valuable deposits of uranium 
oxide). Other areas that yield good deposits of 
heliodor are the Russian Urals, Afghanistan, Sri Lanka, 
Ukraine and various parts of the USA, especially the 
Roebling Mine at New Milford, Connecticut. 


«4 Crystals of heliodor 
from Takowaja in the 
Russian Urals. 


> A heliodor gemstone 
from Madagascar that 
has been cut in the oval 
shape and faceted. 


brings out the luminous golden lights 
of the gem to good advantage. 


Imitations 


Genuine heliodor is sometimes 
imitated by various cheaper materials. 
The most commonly used substitutes 
are artificially coloured glass and 
synthetic spinel, the individual pieces 
of which are then stuck together with 
yellow adhesive. 


History 

No one knows exactly how long the 
heliodor variety of beryl has been 
known to man, but it certainly goes 
back at least as far as Roman times. 
The historian Pliny the Elder, who 
lived between 23 and 79 AD, 
mentioned it in his encyclopedia 
Naturalis Historia (“Natural History’). 
In fact, he called it chrysoberyl, but it 
is evident from the context that he ^ 


really meant heliodor, and the two 


Streak: White A Prismatic gemstones were commonly confused 

Lustre: Vitreous crystals of with one another at that time. The 

Fluorescence: Absent heliodor from name heliodor comes from Greek, 
Brazil. meaning ‘gift of the Sun’. 


Brazilianite 


Brazilianite is one of the most 
recently discovered gemstones. 
It is seldom found in jewellers’ 
t“ shops, but it is greatly prized 
^" by mineral collectors. 


razilianite is a yellow gemstone. 

Its crystals are almost always 

flawed, and when they are cut 
and polished, great care must be 
taken to avoid structural 
imperfections. 


The cut 
When it was originally 
discovered, brazilianite 
was often mistaken for 
yellow chrysoberyl, beryl or 
topaz, but it was not long before 
the error was discovered and 
scientists realised that they had 
happened upon a new gemstone. 
Brazilianite is of limited use in jewellery 
because it is not very hard — it scores only 5% on 


CHARACTERISTICS 


Brazilianite is a member of the phosphate group 
of minerals. It is a phosphate of the metallic 
elements sodium and aluminium. Sometimes, 
the aluminium can be partly replaced by iron 
and at other times the phosphorus can be 
substituted by vanadium. 

Brazilianite crystals can be very long - measuring 
up to 12cm - and form in prisms that are usually 
transparent. The colour generally ranges from light 
to deep yellow, but greenish hues are not unknown. 

Brazilianite is only a moderately hard gemstone. 
When it is struck with a hard instrument, it breaks, 
leaving a surface pattern that resembles a seashell 
(conchoidal fracture). 

Brazilianite crystals are usually perfectly clear, 
but when they are clouded this is due to various 
inclusions. These inclusions may be small, elongated 
tourmaline crystals, thin layers of muscovite mica or 
fractures that contain liquid and a bubble of gas. 
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4 Y Crystals of 
brazilianite from 
Minas Gerais, 

E Brazil. 


4 Gem-quality brazilianite 
cut in round (upper) and 
droplet (lower). 


the Mohs Scale of hardness. But because it is so 
beautiful, it is often cut for collectors. They do not 
wear the stones, because brazilianite chips and flaws so 
easily, but keep them safely in display cases. 

Gem-quality brazilianite specimens are usually cut 
in ovals or in rectangles with rounded corners. They 
may also be faceted in baguettes, cushions and 
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Semi-precious stone 


pendeloques and are often shaped as cabochons. Many 
different cuts are possible — these are just some of the 
most popular. 

When brazilianite is fashioned by skilled craftsmen, 
the crown and pavilion facets are both cut at an angle 
of 40°. (For a fuller description of how gemstones are 
cut and faceted, and an explanation of some of the 
terms used, see Discovery 9-12.) 


Famous gems 

Some brazilianite crystals measure up to 12cm in 
length. Two of the finest specimens are housed in the 
Museum of Natural History in New York, USA. One 
of these weighs 23 carats and is cut in a rectangle with 
rounded corners, while the other, a 19-carat stone, is 
cut in the ‘brilliant’ shape. Another outstanding 
brazilianite gemstone weighing 24 carats is displayed 
in the mineral and gemstone collection of the 
Geological and Mineralogical Department of the 
University of Rio de Janeiro in Brazil. 


FACT FILE 


BRAZILIANITE 


Group: Phosphates 


Crystal system: Monoclinic 
Chemical formula: NaAl,(PO,),(0H)q 
Hardness: 5% 

Density: 2.98 

Cleavage: Good 


Fracture: Conchoidal 


Colour: Yellow 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


A 4 Brazilianite crystals from the Conselheira 
Pena Mine, Brazil. 


ORIGINS and DISTRIBUTION (€ 4" 
Brazilianite was first discovered in 1944 in pegmatite 
deposits in the mineral-rich Minas Gerais region of 
Brazil. Pegmatites are coarse-grained rocks that 
were originally formed through intrusive igneous 
activity. Two of the main minerals in pegmatite are 
quartz and feldspar. Brazilianite can occur among 
these minerals within pegmatite. 
The historic first find was made at the Conselheira 
Pena Mine, followed shortly afterwards by another at 
the Córrego Frio Mine, Linópolis. 
Then, at the end of the 1940s, small crystals of 
brazilianite were discovered in pegmatites in New 
Hampshire, USA. The main locations there are the 
Palermo Mine in Grafton County and the Smith 
Mine at Newport. 0 


Although US brazilianite deposits are mined 
commercially, their output is low: the biggest and 
the best gem-quality crystals all come from Brazil. 


ood hunting. 
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All over the British 
Isles there are 
many places to 
see fine rock 
formations and 
collect specimens. 


he geology of 

the British Isles is 

amazingly varied, 
and there are many places 
where fine rock and mineral 
specimens can be found. 

Rock is exposed where 

erosion and weathering have 
removed any soil, glacial 
deposits and other overlying 
material. The sea coast is an 
excellent place to see fine 
rock exposures. Here there 
may be rocky wave-cut 
platforms (exposed at low 
tide), cliffs and beaches. 


Beaches 

The pebbles and rocks you 
can find on a beach may 
yield good specimens. These 
may be locally derived, or may have been carried some 
distance by longshore drift or glaciers. On the east coast 
of northern England, for example, there are rocks that 
have been weathered out of glacial deposits. There may 
be granite, dolerite and fossiliferous limestones from 
inland and even Scandinavian porphyry. 


Cliffs 


Cliffs are mainly found along the coast but can occur 
inland in mountain regions and where rivers have cut 
deeply into strata. They can be very dangerous places, 
and collecting must not be carried out below the cliff 
face. Many people have been killed by falling cliff 
debris. Cliffs may be good places to study structure, but 
are not places from which to collect. 

However, we can learn a lot by just looking at cliffs 
from a safe distance, because it may be possible to see 
the different layers that were formed at various times in 


nds in Britain 


A Cliffs at Hunstanton, Norfolk, showing three layers of rock. Nearest the 
beach is sandstone, then comes a thin layer of red gault clay topped by 
chalk containing fine calcite crystals. 


geological history. These layers show up as distinct 
bands that run parallel to one another. Sometimes they 
have been tilted or twisted by geological upheavals. 
Usually, the lower the layer, the older the rock, but 
sometimes the whole formation has been turned 
completely upside down (‘inverted’) millions of years 
ago by heat and pressure. 


Upland areas of Scotland 
The highland regions of Britain are generally to the 
north and west, and have older rocks than those found 
in the south and east. 

The far north-west of Scotland contains some 
of the oldest rocks in the world. There you will 
find the metamorphic rocks gneiss and schist, and 
sedimentary sandstone, all of Pre-Cambrian age, and 
limestone from the Cambrian and Ordovician period. 
The metamorphic rocks contain garnets as well as 
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GROUNDWORK 


feldspar, mica and quartz. Further south and east in 
the Central Highlands there are many areas where 
granite and schist are dominant. Here schists may 
contain garnet, kyanite and biotite. 

In southern Scotland, particularly on the coast 
around Montrose, and inland south of Perth, there 
are basalts rich in agate nodules. In the Southern 
Uplands there are important hydrothermal deposits 
near Leadhills, where galena and associated minerals 
occur. The outlying Scottish islands, such as Skye and 
Mull, have much basalt, which contains a range of 
zeolite minerals. 


English mineral grounds 

The Lake District of Cumbria was for hundeds 

of years a source of many industrial minerals. In 
Borrowdale and other areas, galena, graphite, pyrite, 
chalcopyrite, and sphalerite occur, and the Caldbeck 


of Cumbria is well known for its hematite deposits. 

The Peak District of Derbyshire and the area 
around Upper Teasdale in Durham are classic 
localities for fluorite, which occurs within 
Carboniferous limestone. On the old spoil heaps, 
fluorite, galena, sphalerite, barite, quartz and calcite 
are not uncommon. 


Devon and Cornwall 


provide fine feldspar and quartz specimens, but it is 
the mineral veins associated with these igneous rocks 
that provide the best specimens for the mineralogist. 


between St Ives and St Just, granite pegmatites can be 
seen together with quartz and feldspar and accessory 
minerals like tourmaline. 


FOLDS IN RO 


Folds are wave-like formations in 
layered strata of sedimentary rock. 
They are caused by twists and turns 
(‘deformational processes’) in the 
Earth's crust. Valley-shaped (concave) 
folds are called synclines; hill-shaped 
(convex) folds are known as anticlines. 
When they are visible from the side — 
as on some cliffs, for example — they 
provide an excellent opportunity to see 
formations that are usually concealed 
from view beneath the surface. 


Direction of pressure 


Recumbent fold 


Synclinal fold Monoclinal fold 


Fells were famous for galena, barite, and rare asociated 
minerals like mimetite and wolframite. The west coast 


In the south-west, the granites of Devon and Cornwall 


At Porthmeor Cove, on the north coast of Cornwall 
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Haytor near Bovey Tracey is an outcrop of 
Dartmoor granite. Within the rocks here, ‘giant 
feldspars can be observed ‘flowing’ in the granite 
magma. Nearby disused quarries often reveal good 
fresh specimens of granite with tourmaline. 

Tin was mined for some 2,000 years in Cornwall 
and casserite specimens can still be found, along with 
a very long list of other minerals including pyrite, 
chalcopyrite, cerussite, fluorite and pyromorphite. The 
spoil heaps of the old Vitifer Tin Mines contain quartz 
with hematite and weathered feldspars. 

Other old mine spoil heaps in Devon and Cornwall 
yield pyrite, chalcopyrite and other sulphide minerals. 
Beware of trespassing, and avoid fenced-off areas that 
may contain hidden mine shafts and old adits. 


Direction of pressure 


A Limestone strata 
(Lias) near Lyme Regis. 
The Dorset coastline has 
many such limestones 
and shales from the 
Jurassic Age. 


Overturned fold 


Anticlinal fold 


DISCOVERY 


An introduction 
to chemistry I 


Chemistry is the study of the make-up, properties and reactions 
of substances. A working knowledge of chemistry is very important for a fuller 
understanding of geology. 


f we look at all the different things we see around 
I us every day — from clouds to factories to jet 

aircraft — it may be very hard to believe that they 
are all made up of various combinations of just over 
one hundred chemical elements. These combinations 
(compounds) are created through chemical reactions 
that take place between elements. 

In every chemical reaction, the total weight before 
the reaction is equal to the total weight of the resulting 
products. This was confirmed by the French chemist 
Antoine Lavoisier (1743-1794). It means that in 
normal chemical reactions nothing is ever destroyed, 
but is simply transferred into something else. This is 
even true of burning — the greater part of a candle, for 
example, may seem to disappear, but the wax is turned 
into gas which goes into the atmosphere. Conventional 
matter can be redistributed, but not destroyed. 


Metallic elements 
Non-metallic elements 


[ — ] Intermediate elements 


[| | Inert gases 


[EJ] Rare Earth metals 


© | Unstable elements 


Elements 

An element, by definition, contains only one 
substance. There are 90 elements that occur naturally, 
though many of them are extremely rare, and almost 
everything we encounter on a day-to-day basis is made 
up of just a few dozen elements. Of these, only eight — 
including iron, aluminium, silicon and oxygen — 
comprise 98 per cent of the Earth’s crust. 

Chemical elements are subdivided into three 
categories. The first category is metals. These are easier 
to recognise than to describe, partly because their 
individual characteristics vary a great deal — aluminium 
is light, lead is very heavy and mercury is a liquid, but 
they are all metals. Metals are good conductors of heat 
and electricity and tend to be quite shiny (lustrous) in 
appearance. Non-metallic elements are rather more 
difficult to recognise. Some, like boron, are earthy 


Atomic number 


[NE 


The Periodic Table of the Elements set out with the so-called 'inert' elements in the extreme left-hand column. These 
are elements that never combine with any others. The wide middle band (mostly blue) contains reactive metals, 
while the extreme right-hand column includes reactive non-metals like chlorine. 
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solids; others are colourless gases; bromine is a liquid. 
Some non-metallic elements occur in more than 
one form: carbon can be diamond or graphite; 
phosphorus can be a luminous, yellow, waxy solid or 
a red powder. The main property that non-metallic 
elements have in common is that, in normal 
conditions, they are all poor conductors of electricity. 
Another group of elements occupies a halfway 
house between the other two groups, and possesses 
some of the properties of each — antimony, for 
example, has both metallic and non-metallic forms. 
At high temperatures, these elements are even better 
conductors than metals; this makes them important in 
the electronics industry. The best known halfway 
house element is silicon, the basis of the microchip 
that is used in computers. 


Atoms and molecules 

An atom is the smallest part of an element that can 
exist and still retain the characteristic properties of that 
element. Every element has its own kind of atom. The 
simplest atom is that of hydrogen, the gas that is the 
main component of most of the universe. Inside, 
atoms look rather like tiny solar systems. Each has a 
central nucleus surrounded by a cloud of electrons, like 
the planets orbiting the Sun. The Periodic Table 
arranges elements in increasing order of their atomic 
number. The atomic number is the number of protons 
in the nucleus of the atom. 

A molecule is the smallest part of a chemical that 
has all the chemical properties of that chemical and 
can take part in a reaction. Molecules are made up of 
two or more atoms, either of the same element — 
chlorine, for example, exists in pairs of atoms — or of 
two or more different elements. 


Chemical reactions 

A chemical reaction takes place when one or more 
elements or compounds (the reactants) form new 
compounds (the products). Some substances will 
react with very few other substances — these are said 

to be 'stable'; others will react very easily — these are 
described as ‘unstable’ or ‘volatile’. All chemical 
reactions are to some extent reversible; this means that 
the products can also react again and give the original 
reactants. Having said that, however, in many cases the 
extent of this is almost negligible, and such reactions 
are said to be irreversible. 


Chemical symbols and equations 

Every chemical element has its own shorthand 
notation symbol of one or two letters. Some of these 
are obvious — hydrogen, for example, is H. Others are 
less obvious — iron is Fe, from the Latin ferrum. It will 
be useful to get to know at least some of these symbols 
by heart — you will probably have picked up some 
already — because they tell you in shorthand what is 
in each of the minerals and gemstones featured. Every 
mineral’s element or formula appears in the Treasures 
of the Earth Fact Files. 

Chemical reactions are written down using these 
symbols and a form of notation that describes what has 
happened when the various chemical elements and 
compounds come into contact with each other. 

For example, if you were to pass oxygen gas (O;) 
over the element carbon (C) in certain laboratory 
conditions, you would be able to produce the gas 
carbon dioxide. This reaction would be written: 

C+0,—> CO, 

This is a simple chemical equation. We will come 

on to far more complicated examples later. 


THE PERIODIC TABLE OF ELEMENTS 


Name symbol ome Name Symbol Aoma 
Actinium AC 89 Erbium Er 68 
Aluminium Al 13 Europium Eu 63 
Americium Am 95 Fermium Fm 100 
Antimony sb 51 Fluorine F 9 
Argon Ar 18 Francium Fr 87 
Arsenic AS 33 Gadolinium Gd 64 
Astatine At 85 Gallium Ga 31 
Barium Ba 56 Germanium Ge 32 
Berkelium Bk 97 Gold Au 79 
Beryllium Be 4 Hafnium Hf 72 
Bismuth Bi 83 Helium He 2 
Boron B 5 Holmium Ho 67 
Bromine Br 35 Hydrogen H 1 
Cadmium Cd 48 Indium In 49 
Calcium Ca 20 lodine l 53 
Californium Cf 98 Iridium Ir 77 
Carbon € 6 Iron Fe 26 
Cerium Ce 58 Krypton Kr 36 
Cesium Cs 55 Lanthanum La 57 
Chlorine CI 17 Lawrencium Lr 103 
Chromium Cr 24 Lead Pb 82 
Cobalt Co 27 Lithium Li 3 
Copper Cu 29 Lutetium Lu 71 
Curium cm 96 Magnesium Mg 12 
Dysprosium Dy 66 Manganese Mn 25 
Einsteinium Es 99 Mendelevium Md 101 


Name symbol kine Name symbol Linco 
Mercury Hg 80 Samarium sm 62 
Molybdenum Mo 42 Scandium Sc 21 
Neodymium Nd 60 Selenium Se 34 
Neon Ne 10 Silicon Si 14 
Neptunium Np 93 Silver Ag 47 
Nickel Ni 28 Sodium Na 11 
Niobium Nb a Strontium Sr 38 
Nitrogen N 7 Sulphur S 16 
Nobelium No 102 Tantalum Ta 73 
Osmium Os 76 Technetium TC 43 
Oxygen [9] 8 Tellurium Te 52 
Palladium Pd 46 Terbium Tb 65 
Phosphorus P 15 Thallium Tl 81 
Platinum Pt 78 Thorium Th 90 
Plutonium Pu 94 Thulium Tm 69 
Polonium Po 84 Tin sn 50 
Potassium K 19 Titanium Ti 22 
Praseodynium Pr 59 Tungsten Ww 74 
Promethium Pm 61 Uranium U 92 
Protactinium Pa 91 Vanadium V 23 
Radium Ra 88 Xenon xe 54 
Radon Rn 86 Ytterbium Yb 70 
Rhenium Re 75 Yttrium Y 39 
Rhodium Rh 45 Zinc zn 30 
Rubidium Rb 37 Zirconium zr 40 


Ruthenium Ru 44 
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carnelian has been cut and 
polished since the time of 
the ancient Egyptians. 


arnelian (sometimes called cornelian) is 

basically a coloured form of quartz and its 

intrinsic value is therefore quite low. However, 
when it is cut and mounted, it may form part of some 
of the world's most valuable and expensive artefacts. 
Carnelian has been used since the dawn of civilisation to 
make a wide range of gemstones, ornaments and small 
sculptures. Its main attractions are its unique coloration 
and its capacity to take a good polish. 


Iron Impurities 
Carnelian is a form of chalcedony which is itself a form 
of quartz. It is coloured red or orange by impurities of 


GEMSTONES 


iron oxides (especially haematite) and iron hydroxides 
which have been suspended more or less evenly 
throughout the body of the gemstone. 

This effect — which is known scientifically as 
colloidal dispersion — creates a tone that is often 
remarkably consistent (homogeneous) throughout 
the stone. However, some carnelians reveal internal 
droplets of liquid that create an effect known as veil. 


Imitations 

Carnelian may be imitated by coloured glass and by 
staining chalcedony. The latter method is not very 
effective because the porosity of chalcedony varies 
from layer to layer, and thus the dyeing is seldom of 


CHARACTERISTICS 


Carnelian lends itself particularly well to being 
cut and polished. This is principally because it is 
reasonably hard (it measures 6% on the Mohs Scale) 
and its tightly packed, cryptocrystalline structure 
makes it highly resistant to the heat and pressure 
generated by power drills and saws. 
Furthermore, it has no cleavage - this means 
that there is no danger of its breaking off along 
its weakest structural planes while it is being 
worked on. 
The appearance of poorly coloured 
carnelians may to some extent be 
improved by soaking them for long 
periods in artificial orange dyestuffs. 
However, the results of this 
treatment are unreliable and 
seldom convincing to the 
experienced eye. 


<A cross-section of a 
nodule that clearly shows 
how one form of quartz 
grades into another. The 
darker layers on the 
outside are chalcedony, 
while the brighter material 
is carnelian. 


GEMSTONES 


> A carnelian 
figurine. Carnelian 
lends iself very 
well to this kind of 
carving, and it is 
surprising that it is 
not used more 
often in this way. 


CARNELIAN 


Group: Oxides 
Crystal system: Trigonal 


Chemical formula: SiO; 
Hardness: 6% 


4 An 18th-century 
brooch with gold, 
carnelian and 
turquoise. 


> A carved carnelian 
jewellery box. 


Density: 2.6 
Cleavage: None 
Fracture: Conchoidal 
Colour: Red-orange 


Streak: White 
Lustre: From vitreous to resinous 


Fluorescence: White-blue or yellow-green 


uniform depth throughout. Sometimes, indeed, dyeing 
creates a banded effect which resembles agate (another 
form of chalcedony). Carnelian may also be imitated 
by baking and dyeing with iron salts. In India, 
especially around Ratnapura, one of the main centres 
of carnelian production, some tradesmen darken their 
gemstones by leaving them in the sun. 


Enduring masterpieces 

One of the most amazing qualities of carnelian is its 
durability. Many of the carnelian ornaments and rings 
which have survived 3,000 years since ancient Greek 
and Roman times have retained their coloration and 
polished sheen better than much harder stones. 


Cut and polish 
Carnelian may be cut and polished in a wide variety of 
styles. It is most often shaped into cabochons and 
beads or brooches with raised designs called cameos. 
It may also be faceted, in which case the preferred 
cutting angles are 40—50? along the crown and 43? 
across the pavilion surface of the gemstone. However, 
this form of treatment is rare because it is generally 
unnecessary: carnelian is a translucent rather than a 
reflective stone and thus there is little optical benefit 
to be derived from cutting it in this way. 


ORIGINS and DISTRIBUTION Ç$ js 


Carnelian occurs in the cavities of many forms of 
rock, especially volcanic lavas. Much of it developed 
from silica-rich solutions that solidified at low 
temperatures. It typically forms in nodules, teat- 
shaped masses or in groups of stalactites that radiate 
outwards from a central axis. 

India has some of the largest deposits of carnelian, 
especially aroound Bengal, Deccan and Ratnapur. 
Indian carnelian is a very deep reddish-orange colour 
that is partly caused by the action of the sun's rays. 

Further deposits of carnelian can be found in Rio 
Grande do Sul (Brazil), Iran, Saudi Arabia and Uruguay. 


Manganite is one of the 
most important sources of 
manganese, a metal that 
resembles iron and is 
widely used in the manufacture of steel 
and other alloys. It is commonly used in 
dredger buckets and railway lines. 


anganite is black and opaque and looks 

similar to some forms of pyrolusite, 

with which it is often found. It was first 
identified and described as a distinct mineral in its 
own right in 1827. 


Fine crystals 
Manganite is classified as a hydroxide mineral and is a 
chemical compound of manganese and oxygen with 
an added OH molecule. It occurs in fine crystals 
which are classified in the monoclinic 
system. These crystals are often 
prismatic and elongated. Twinning, 
where a number of crystals share 
certain crystallogaphic surfaces, is 
quite common. 

The crystals are usually marked 
with striations on their vertical 
faces, and may form aggregates 
radiating from a common base. 
Manganite also occurs in columnar 
masses and can have concretionary, 
granular and stalactitic habits. The 


FACT FILE 


MANGANITE 


Group: Oxides 


A Crystals of manganite and 
sturmanite from a mine at 
Kuruman, South Africa. 


4 A manganite specimen 
from Ilfeld in the Harz 
Mountains of Germany. 


dark-coloured crystals have 
a sub-metallic lustre when 
light strikes their faces. 
When rubbed against an 
unglazed porcelain tile, a 
reddish-brown streak is 
produced. For a metallic, 
crystalline mineral, 
manganite is unusually 
$ soft. It can be easily 
y scratched with a steel knife 
blade, and has the same 
hardness as fluorite — 4 on 
the Mohs Scale. Similarly its 
SG (specific gravity) is lower 
than many metallic minerals. 
Manganite is 4.3 times the 
density of an equal volume of 
water. When broken, a perfect 
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Crystalline system: Monoclinic 
Chemical formula: MnO(OH) 
Hardness: 4 

Density: 4.3 

Cleavage: Perfect 


T 


Fracture: Uneven 


Colour: Black (opaque) 
Streak: Reddish-brown to black 
Lustre: Submetallic to dull 


Fluorescence: Absent 
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minerals. It belongs to the monoclinic system 
(although it can appear to be orthorhombic), and its 
crystals are prismatic, grooved along the outside 
(striated) and often come in bundles or in aggregates 
that radiate out from a central point like the spokes of 
a bicycle wheel. Twinning is quite common 
Manganite is dark grey to black in colour, and 
its streak varies from reddish brown to black. it 
is an opaque mineral, and is slightly less shiny than 
a metal (in scientific terms, it is said to have a 
submetallic lustre). 
Manganite alters easily into pyrolusite and several 


| 
| 
other manganese oxides. | 


A Y > The three examples of manganite shown on this 
page come from Ilfeld in the German Harz Mountains, 
one of the world's main sources of the mineral. 


cleavage is produced. The fracture is uneven. A 
test for manganite is to add hydrochloric acid. 
When this is done, the gas chlorine is given 
off, recognisable by its pungent smell. 


Lakes and bogs 
Manganite is precipitated from water-based 
solutions in hydrothermal veins, often with 
pyrolusite and barite. It also occurs in lakes and 
bogs and shallow marine sedimentary rocks, and 
can be deposited from underground waters that 
circulate through strata. Underground and surface 
fluids can alter preformed manganite to pyrolusite. 
When this occurs, the original crystal form of 
manganite is retained. 

Manganite is an important ore of the hard, brittle 
metal manganese, used to harden steel for heavy duty. 


Manganite is a fairly widespread ore of manganese 
that forms through the action of water on 
manganese oxide. This chemical reaction occurs at 
relatively low temperatures in hydrothermal veins 
and also in shallow seas and fresh water. Manganite 

is often found in association with the minerals 
pyrolusite and barite. 

Crystals of manganite are found in the British Isles 
at the Botallack Mine in St Just, Cornwall; at Egremont 
in Cumbria, and in Exeter in Devon. : 

In other parts of the world, the main manganite 
deposits are found in Nova Scotia in Canada, in the 
Harz Mountains of Germany and in the Lake Superior 
iron district of the USA. 


fOrpiment 


Orpiment is various shades of yellow ar d Mf 
and orange in colour. It is often j 
used as an artist's pigment, 
although artificial substitutes tend 
to be less expensive and easier to use. 
In the past, orpiment was also used as a hair 
remover in cosmetics, and for tanning animal 
hides. Today its applications are more limited. 
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rpiment is a variety of arsenic sulphide and is 

also known as yellow arsenic. Its strange- 

sounding name comes from the Latin 
auripigmentum, which translates as ‘golden pigment’, 
a perfect description of this yellow-orange coloured 
mineral and its main use. 


Artist's pigment 

Orpiment is a mineral form of arsenic sulphide: 
61 per cent is arsenic and 39 per cent sulphur. 
It is sometimes used as a pigment that provides 
artists with a rich, golden colour. In the past, 
orpiment was widely used for tanning animal hides 
and as a hair remover in cosmetics, although other 
materials are now used for both these purposes. A A group of 


Medieval alchemists used to combine it with small orpiment ORIGINS and 
copper to produce a mixture that resembled gold in crystals in a DISTRIBUTION 
colour alone. Although there are still valuable deposits cavity (druse) 
of orpiment all over the world, especially in Georgia, from Peru. 
Iran and Turkey, its practical uses today are limited 
because artificially produced arsenic sulphides are 
cheaper and easier for artists and tanners to obtain. 


Tests FACT FILE 


Orpiment is a secondary mineral 
that is usually formed at low 
temperatures through the 
alteration of pre-existent arsenic 
minerals and some silver minerals. 
It may also be found in a few 


Orpiment melts (fuses) easily when it hot-spring deposits. It is quite 
is burned in a flame, and it gives off ORPIMENT often found in association with 
the strong garlic-like smell that is Group: Sulphides realgar, another mineral form of 
typical of many arsenic-bearing Crystal system: Monoclinic arsenic sulphide. s 
compounds. Orpiment dissolves in Chemical formula: As,S, Fibrous masses of orpiment are 
nitric acid, leaving behind traces of Hardness: 112 found in Georgia, near Thessaloniki 
yellow sulphur on the surface of Density: 3.5 in northern Greece, and in Italy, 
the liquid. Cleavage: Perfect Hungary, Turkey, Peru, Switzerland, 
Orpiment specimens are very often | Fracture: Uneven Japan and China. In the USA, good 
found encrusted with calcite, which Colour: Yellow to orange quality crystals of orpiment are 
should be removed with acid. But Streak: Pale yellow found at Mercur in Utah, and it also 
since orpiment is itself readily Lustre: Resinous occurs in hot-spring deposits at 
attacked by most acids, it is best to use | Fluorescence: Absent Steamboat Springs, Nevada. 
a very weak solution of acetic acid. 


Orpiment is a member of the sulphide group of 
minerals. It is a sulphide of the element arsenic. 

Orpiment differs from realgar - another arsenic 
sulphide that is often found in the same deposits as 
orpiment - in that each molecule of orpiment has two 
atoms of arsenic joined up with three atoms of 
sulphur, whereas a molecule of realgar has only one 
atom of each element. Thus the chemical formula of 
orpiment is written as As;S., while realgar is ASS. 

Orpiment sometimes forms in small, prismatic 
monoclinic crystals, but these are rare. It more often 
takes the form of thin, leaf-like (foliated) masses or 
long, column-like structures. 

Orpiment is often quite a striking lemon-yellow 
colour, and its streak is always pale yellow. 

Orpiment is transparent or translucent and 
generally has a greasy sheen (resinous lustre), 
although the joints along which it breaks (the 
cleavage surfaces) are pearly in appearance. This 
would be a helpful guide for cutting, were it not 
for the fact that orpiment is so soft that it can be 
scratched without effort by a fingernail. It measures 
only 14-2 on the Mohs Scale of hardness, and is little 
harder than talc, the softest mineral. Orpiment has 
perfect cleavage. 


Commonplace mineral 


> These attractive 
lens-shaped 
(lenticular) crystals 
of orpiment were 
unearthed in Iran. 


Hydromagnesite is a salt Hydromagnesite is a magnesium carbonate that is 
of magnesium. Its crystals widely distributed in the cracks of serpentine rocks. 
Serpentine rocks are composed of dark green or brown 
are small and slender. minerals with a greasy or silky sheen. They are found 
in igneous and metamorphic deposits that have been 


formed either from volcanic activity or from the 


ydromagnesite crystals are much sought-after action of great heat and pressure on pre-existent rocks. 
by collectors. They are usually very small and Chrysotile and antigorite are well-known minerals 
delicate, but the largest ever found measure of serpentine rock. 

10cm in length. Hydromagnesite was first identified and described 


as a distinct mineral in its own right 
in 1827. It gets its name quite 
straightforwardly from its chemical 
composition — it is a magnesium 
carbonate that has been linked to 


4 Aggregates of rosette-shaped 
fibrous hydromagnesite with 
crystals of artinite from Staten 
Island, New York, USA. 


ORIGINS and 
DISTRIBUTION 


Hydromagnesite is found 
mainly in serpentinite and other 
magnesium-bearing rocks, which 
have been altered by fluids 
seeping through the Earth's 
crust. It is often associated with 
aragonite (calcium carbonate), 
artinite and other magnesium 
carbonates. Hydromagnesite is 
also found in caves in unusual 
formations called "bubbles", 
which look very like chewing 
gum bubbles: 

Hydromagnesite is found in 
numerous locations in Piedmont, 
Val d'Aosta, Lombardy and Liguria, 
Italy. The best hydromagnesite 
crystals have been found in the 
chromite mines of Dovez and 
Abdasht in Iran. It is also found 
in British Columbia, Canada, in 
California, Nevada, Pennsylvania, 
New Jersey, and with the 
mineral artinite on Long Island, 
New York, USA. 
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A Clear crystals of hydromagnesite from 
Crestmore, Riverside County, California, USA. 


> Small balls of hydromagnesite from 
Monte Ramazzo, Genoa, Italy. 


four molecules of water of crystallisation. In addition, 
hydromagnesite contains one atom of oxygen and one 
atom of hydrogen joined together in what scientists 
call a hydroxyl radical (see the explanation of hydroxyl 
radicals in Discovery 27). 

Hydromagnesite is a typical and frequently 
occurring secondary mineral of magnesium. It forms 
out of several primary minerals, including brucite 
(magnesium hydroxide). Some rare minerals are very 
similar to hydromagnesite in composition and 
appearance. Among these are dypingite — found in 
Dypingdal, near Snarum in Norway and also at Brosso 


FACT FILE 


HYDROMAGNESITE 


Group: Carbonates 


Crystal system: Monoclinic 

Chemical formula: Mg;(CO0.),(0H),.4H;0 
Hardness: 3/ 

Density: 2.25 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, colourless 
Streak: White 
Lustre: Vitreous or silky 


Fluorescence: Absent 


CHARACTERISTICS 


Hydromagnesite belongs to the carbonate group. It 
is a magnesium carbonate that also has four 
molecules of water of crystallisation. 

Hydromagnesite crystals belong to the monoclinic 
system. They tend to be either needle-shaped 
(acicular) or bladed, and are normally small and very 
slender. Twinning is common. The crystals are 
colourless or white and glassy in appearance, 
and usually occur in groups, in crusts, sprays or 
rosettes. Larger crystals typically have grooves 
(striations) along their vertical faces. 

The crystal clusters often radiate outwards to 
form spherical masses. In fractures in rock strata, 
hydromagnesite may coat broken rock surfaces. It 
does not always occur in crystals, but may be massive 
(of no definite shape) or powdery. Hydromagnesite is 
a soft and brittle mineral. It has perfect cleavage. 


in the Piedmont region of Italy — and giorgiosite, 
which comes from the Greek island of Santorini 
and is still not conclusively defined as a mineral 
in its own right. 

Artinite is often found with hydromagnesite — 
both minerals can form acicular aggregates. 
Sometimes hydromagnesite aggregate “puffballs” are 
found attached to the crystals of artinite specimens. 


Testing for the mineral 

As a member of the carbonate group of minerals, 
hydromagnesite can be recognised quite easily from 
the lively fizz that it gives off when it is combined 
with an acid, even a highly diluted one. When 
hydromagnesite is heated in a closed test tube, its 
water of crystallisation is expelled from the body of 
the mineral and condenses in droplets. 


Uses of carbonates 

Hydromagnesite is hydrated magnesium carbonate, 
which is used as a drying agent in table salt, as a 
medical antacid and laxative, and as a component 
of some inks and glasses. Sometimes it is found in 
deposits large enough to be economically valuable. 


Hardness, cleavage 


and fracture i in minerals 


The hardness of a mineral and the extent (if any) to which it will cleave are both 
determined by the crystal structure of the specimen and the way its component 
atoms are linked together. 


he hardness and cleavage of a mineral are 

among the most important properties for 

mineralogists to observe, but the evidence that 
they provide is seldom sufficient to establish beyond 
doubt the identity of an unknown specimen. 


Hardness 

Hardness may be defined as the capacity of a mineral 
to resist scratching by other materials. In general, 
hardness is quite high in minerals that have tight, 
compact internal structures, in which the atoms 

are as close together as they can be, and in which the 
scaffolding-like bonds (see Discovery 13) between the 
atoms are very strong. 

Diamond, the hardest naturally occurring 
substance, is a form of carbon that has a very compact 
internal structure and very strong ties between its 
atoms. Graphite — which, being another form 
(allomorph) of carbon, is chemically identical to 
diamond - is softer than diamond because its atoms 


are arranged in layers that can be dislodged from one 
another relatively easily. 

Hardness in a mineral is not necessarily the same in 
all directions. The beautiful blue gemstone kyanite, for 
example, has a hardness of 4 when it is scratched along 
its crystal surfaces, but a hardness of 7 when scratched 
across them. (In the same way, it is easier to tear a 


newspaper from top to bottom than from side to side 
because of the grain of the paper.) 

Oxides and silicates are generally the hardest 
substances after diamond. By contrast, borates, halides, 
phosphates, sulphates and sulphides are usually quite 
soft; so, too, are native metals like gold and silver. 


Mohs Scale 

Hardness is an important property, but it needs to be 
considered in conjunction with other properties when 
identifying a mineral. 

The Mohs Scale of hardness is only a rough and 
ready means of comparison between minerals, not a 
scientifically accurate measure. There have been 
various attempts to develop a more accurate 
measurement of hardness — the Knoop Scale, for 
example, grades minerals according to the extent to 
which they are indented when a certain weight of lead 
is lowered onto them. For all its limitations, however, 
the Mohs Scale is still the most commonly used and 
perfectly adequate for most purposes. 

A practical problem that testing for hardness not 
infrequently throws up is that no one wants to scratch 
a valuable or beautiful specimen because of the damage 
they might do to it. Sometimes the specimen under 
examination will not be big enough to scratch. 
However, for general use a hardness pencil — an 
instrument containing a sharply pointed mineral of 
known hardness — is a recommended useful tool for 
field and laboratory work and readily available from 
mineralogical equipment suppliers. 


4 Diamond, the hardest 
naturally occurring 
substance and, with a 
rating of 10, the highest 
scoring mineral on the 
Mohs Scale. 


4 Talc, the softest mineral on the Mohs Scale of hardness. 
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Durability of minerals 


A Apophyllite, whose 
name in Greek refers to 
its pronounced tendency 
to exfoliate (flake). 


4 Emerald, a very hard 
precious gemstone that 
has indistinct cleavage. 


Cleavage 

Cleavage is the tendency of minerals to split in certain 
directions. The ease of cleavage varies enormously 
from one mineral to another. There are four degrees of 
cleavage used in Treasures of the Earth — perfect, 
distinct, indistinct and none. The direction of cleavage 
is always parallel to a possible or an actual crystal face. 
If a mineral cleaves anywhere, it is at least theoretically 
possible to make an infinite number of other cleavage 
lines in parallel infinitely close to each other. Among 
the minerals that show perfect cleavage are barite, 
calcite, diamond, galena, hemimorphite, rhodonite 
and topaz. 


Fracture and parting 

Cleavage is different from fracture. Cleavage can only 
take place along the lines of the crystal structure, but 
fracture can occur across them. Another effect, called 
parting, occurs when the structural planes are not 
parallel to each other. This causes structural weaknesses 
within the affected mineral, which will break off 
unevenly in different directions. Many minerals 
fracture and cleave, but some minerals only fracture. 

There are four degrees of fracture used to describe 
minerals in Treasures of the Earth: these are variously, 
uneven, conchoidal (meaning shell-like), splintery, or 
hackly (with jagged, irregular surfaces). 

The hardness of a mineral can be measured fairly 
accurately using everyday objects such as a fingernail, 
a coin and a knife blade, starting with the softest, until 
the specimen remains unmarked. 


THE MOHS SCALE 


The scale of hardness proposed and developed by 
the German scientist Friedrich Mohs (1773-1839) 
ranges from 1-10. Minerals can scratch any mineral 
with a lower number — the higher the number, the 
harder the mineral 


Talc — the softest mineral, which can be 
scratched by every other mineral and also 
by a human fingernail 


Gypsum — can be scratched by a fingernail, 
but not easily. Other minerals of similar 
hardness include carnotite, glauconite, halite, 
stibnite, sulphur and sylvite 


Calcite — can be scratched by a coin. 
Other minerals of similar hardness include 
bornite, chamosite, enargite, olivenite and 
vanadinite 


Fluorite — can be easily scratched with a 
knife blade. Other minerals of similar hard- 
ness include barytocalcite, hauerite, 
libethenite, manganite and siderite 


Apatite — can be scratched with difficulty 
by a steel point. Other minerals of similar 
hardness include dioptase, glaucodot, 
lepidocrocite, mesolite and riebeckite 


Orthoclase — is easily scratched by quartz. 
Other minerals of similar hardness include 
aegirine, glaucophane, hedenbergite, humite 
and sanidine 


Quartz — can scratch most common 
substances very easily 


Topaz — can scratch quartz 


Corundum — can scratch quartz and topaz 


Diamond - the hardest naturally occurring 
substance 


An introduction to 
chemistry II 


We have already seen that an atom is the smallest part of an element 
that can exist while still retaining the characteristic properties of that element. 
Now we take a closer look at what goes on inside an atom. 


Inside the atom 
An atom may be thought of as looking like a little solar 
system — one or more small bodies revolving round a 
larger one. At the centre of every atom is the nucleus: 
this contains most of the atom's mass and also carries 
an electrical charge. 

Every nucleus contains one or more particles of 
energy. There are two types of particle: one is called 
a proton, the other is called a neutron. Further out in 
the body of the atom, one or more electrons orbit the 
atomic nucleus like planets going 
round the Sun. 

A proton carries a positive 
electrical charge, while an electron 
carries a negative one. A neutron, 
as its name suggests, carries no 
electrical charge at all. The number 
of protons in an atom dictate what 
element it is — for example, any 
atom with six protons is always 
carbon. The number of protons is 
known as the ‘atomic number’ (see 
the Periodic Table in Discovery 23). 

The protons’ positive charge is 
counterbalanced by the negative 
charge that is carried in the electrons 
— an atom will always have an equal 
number of protons and electrons. 


HYDROGEN 


© 1 electron 


DEUTERIUM 


© 1 electron 


TRITIUM 


© 1 electron 
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edge of its atom, but two. That is why hydrogen 
always forms in pairs of atoms (chemical formula H,), 
with each atom sharing the other's electron. 

The important point to note here is that a single 
hydrogen atom is just an idea, not a real substance that 
we can put into a test tube. 

The make-up of other elements is more 
complicated, but what they all have in common with 
hydrogen is that if they do not have enough electrons 


of their own, they will combine with those of the other 


ATOMS 


atoms until such time that they 
become stable and can exist in the 
free state. 


Inert elements 

Some elements do not need to 
share electrons because their atoms 
already have all they need. 

The atoms listed in the extreme 
left-hand column of the first 
Periodic Table shown in Discovery 
23 are all self-contained in this way; 
these are the so-called ‘inert’ 
elements — helium, neon, argon, 
krypton, xenon and radon. 

The other elements in the 
Periodic Table will all, in certain 
conditions, combine with other 
atoms to form a variety of chemical 


1 proton 


Hydrogen compounds. 
Hydrogen has the simplest atom of 
e k P E A simple hydrogen atom is made up of a single 

all the elements — its nucleus is made proton orbited by a single electron. Rarer ATOMIC CHARGES 
up of a single proton, and there isa | forms of hydrogen, such as deuterium and 
: es š tritium, also have neutrons in their nuclei. 
single electron whizzing around it Protons Neutron Electron 
(see diagram, right). O e Oo 

This is the basic structure of The nucleus of helium (below) contains two Charge +1 Zero E 

: : protons, and two electrons orbit around it. 

hydrogen, which has the atomic Most helium atoms also contain two neutrons. Mass 1 1 Zero 


number 1. But hydrogen cannot 
exist in single atoms. Before it can 
become a gas in the atmosphere — 
i.e. exist in what is known as the 
‘free state’ — it needs to have not one 
electron orbiting around the outer 


HELIUM 


e 2 protons 


e 


Most of the mass of an atom is contained in 
the nucleus, and comprises protons (positively 
charged particles) and neutrons (which carry 
no electrical charge). The electrons orbit the 
nucleus: these have a negative electrical 
charge but virtually no mass. 


electrons ` 


2 neutrons 
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Hydroxyls 
Throughout Treasures of the Earth 
you will come across references to the 
‘hydroxyl radical’ (chemical formula 
OH), which is made up of one atom 
of oxygen and one atom of hydrogen 
joined together. You cannot see or 
touch a hydroxyl radical — like a 
single hydrogen atom, it cannot 
exist on its own in the free state. The 
closest substance to it is water, but for 
water to form it is essential for the 
radical to gain another atom of 
hydrogen to make a compound with 
the chemical formula H,O. 
However, the hydroxyl radical 
readily combines with many other 
elements to form compounds called 
‘hydroxides’. Sodium hydroxide — 
commonly called caustic soda 
(chemical formula NaOH) - is one 
of many well-known examples. 


Some basic laws 

Our understanding of the structure of 
atoms owes a great deal to the work 
of the English scientist John Dalton 
(1766-1844). Dalton, who was an 
English teacher as well as a scientist, 
formulated the Atomic Theory of 
the Structure of Matter. However, 
he is better known for giving his 
name to Daltonism, the form of 
colour-blindness he studied and 
from which he himself suffered. 

Two important laws of chemistry 
were first put forward in the late 18th 
century. We have already looked at 
one of these: Lavoisier's discovery in 
1774 that matter can be neither 
created nor destroyed in a chemical 
reaction is called the Law of 
Conservation of Mass. This means 
that all the elements that go into a 
reaction must come out again, 
even though they may emerge in 
different forms. 

The Law of Constant 
Composition was put forward in 
1799 by another Frenchman, Joseph 
Proust (1754—1826). It states that all 
pure samples of the same compound 
always contain the same elements, 
and these elements combine in the 
same proportions and have the 
same weight. This means that each 
molecule of water, for example, must 
always be made up of two atoms of 
hydrogen and one atom of oxygen. 


PHYSICAL CHANGES 

easily carried out and easily reversed 
no heat involved 

no new substance formed 


individual substances do not change 
in weight 


MIXTURES 


they are not held together 
by a chemical force 


components can be in any 
proportions 


non-homogeneous 


can easily be separated by 
physical means 


a mixture is easily made 


METALS 


EXCEPTIONS 


usually have a 
high melting 
point and 
boiling point 


mercury 


conduct 
electricity 


shiny (lustrous) 


high tensile 
strength 


ductile and 
malleable 


calcium, lead, 
mercury, 
potassium, 
sodium 


sonorous when 
struck 


_ PHYSICAL AND CHEMICAL CHANGES — 


MIXTURES AND COMPOUNDS 


METALS AND NON-METALS 


CHEMICAL CHANGES | A 
more difficult to carry out and reverse 

much heat often involved 

new substance formed 


individual substances combine and 
therefore there is a weight change 


COMPOUNDS 


they are held together by 
a chemical force 


components are in fixed proportions 


homogeneous 


can be separated only by 


chemical means | a 


a compound is more difficult to make 


NON-METALS EXCEPTIONS 
usually have boron, silicon, 
low melting sulphur, carbon 
point and 

boiling point 


do not conduct carbon 


electricity (graphite form) 
not shiny carbon 
(graphite form), | 
iodine, silicon | 
brittle | 
| 


non-ductile, | 
non-malleable | 


not sonorous 


Hidden away among the rocks found in the 
Earth's crust are the beautifully preserved 
remnants of organisms that lived many 
millions of years ago. 


‘ET Je saw in The Story of the Earth 5 that 
VA / geology is a combination of many different 
V Y but complementary fields of study. One of 
the most fascinating and important of the sciences 
that comprise geology as a whole is palaeontology, the 
study of fossils. 


Fossils are the preserved remains and traces of 
organisms from bygone geological ages. 

In general, only the hard parts of 
organisms become fossilised — mainly 
bones, teeth, shells and wood. 
Sometimes, however, the entire 
organism can be preserved — this 
can happen when creatures 
become stuck in amber resin, 
when they are buried in peat 
bogs or in natural pitch, or 
when they are frozen in ice. 
Among the many exciting 
discoveries that have been 
made in bitterly cold Arctic 
regions like northern Canada, 
and Siberia in Russia, are the 
perfectly preserved remains 
of woolly mammoths and 
rhinoceroses. But such finds are 
exceptional — when they do occur, they 
hit the headlines all over the world. 

Most fossils are of organisms that lived in the sea. 
This is mainly because it is here that mud, sand and 
other sediment can accumulate rapidly and cover 
potential fossils. Also, erosion and weathering occur 
on land, not on the sea bed. So organic remains, and 
the sediment covering them, are preserved. 

Fossils can form in many ways, apart from the 
examples of entire preservation outlined above. When 
an organism dies, its soft parts will rot quite rapidly, 
or they may be eaten by scavengers. A shell or bone 
buried beneath sediment on the sea bed will have to 
maintain a balance with its surroundings in order to 
survive as a fossil. So a shell, largely made of calcite 


A A fossil plant, sphenopteris, 
from the Carboniferous Period. 


* A fossil starfish found 
in the Jurassic rocks of 
Gloucestershire, England. 


(calcium carbonate), 
can remain 
unaltered if it is 
buried in lime mud 
which later turns 
into limestone. 
Chemical processes 
can often change 
organic remains 
during fossilisation. For 
example, some fossil corals 
found in west Cumbria are made 
of hematite (iron oxide). Iron-bearing 
fluids seeping through the limestone 
replaced the rock and corals molecule by molecule. 
Another iron mineral which commonly replaces 
original organic material is pyrite (iron sulphide). 
Many bivalve molluscs and ammonites found in 
mudstones of the Jurassic age have had their shells 
replaced by this mineral. In some cases, fluids remove 
organic material. An ammonite shell buried in quartz 
sand may be dissolved by acidic fluids. This process 
leaves a hollow mould of the shell. At a later time, 
new minerals can be deposited here to make a perfect 
cast of the original shell. Many plant fossils are the 
delicate carbon impressions of leaves preserved on 


sjissod 


Fossils 


bedding surfaces. The black carbon 
is all that is left of the original 
organic plant material. During 
fossilisation, the rest of the organic 
material has disappeared. 

‘Trace fossils are evidence of past 
life without any bone, shell or 
solid material. They include foot- 
prints, tracks, burrows and fossil 
dung (coprolite). Trackways of 
dinosaurs allow palaeontologists to 
work out their size and speed. 

Fossils can be very useful to 
stratigraphers — geologists who 
place strata in the correct time 
sequence. They cannot be used to 
give absolute dates to the rocks in 
which they occur, but by using 
fossils, rocks can be correlated 
from place to place and put into a 
relative sequence. For a fossil to be 
useful in this way, it should be of 
an animal that only lived for a 
short period of time (thus making 
dating more precise) and it should 
be geographically widespread, so 
that distant rocks can be linked. 
Fossil ammonites (see box) found in Europe are also 
found in South America. This proves that the rocks in 
these now very distant areas were formed at the same 
time. Such fossils are called zone fossils, and the 
period of time they represent is a time zone. Different 
zone fossils include graptolites for the Silurian Period 
and ammonites for much of the Mesozoic Era. 


These footprints at Swanage, 
Dorset, England, were probably made 
about 135 million years ago by the 
dinosaur Iguanodon. 


The extraction of fossils may be 
V a long and painstaking process, 
especially when the fossil is fragile 
and the rock in which it is 

: contained (the matrix) is very 

E hard. Sometimes a fossil can only 
be separated from its matrix by 
chemical means, as for example 
when acetic acid is used to 
dissolve limestone surrounding 

a specimen. 


There have been many exciting 
discoveries of fossilised human 
remains. The first such discovery 
was made in 1856, in the Neander 
valley, near Düsseldorf in 
Germany, when some quarry 
workers discovered fossilised 
human remains that dated 

from about 120,000 years ago. 
Neanderthal Man, as he became 
known, was short in stature and 
low browed, but he had a brain 
that was about the same size as 
that of modern man. In 1868, the earliest fossilised 
trace of modern man was discovered at the Cro- 
Magnon rock shelter in France. These hominids lived 
about 35,000 years ago and were taller and less thick- 
set than Neanderthal Man. They lived in caves, 
worked with stone tools and left the famous cave 
paintings at Lascaux in the Dordogne in France. 


AMMONITES 


An ammonite is an extinct marine mollusc belonging 
to the class Cephalopoda. This class includes squids, 
octopuses, nautilus and the extinct belemnites. 
Ammonites’ closest living relatives are the squids. In 
general shell design, they are not unlike the nautilus, 
but there are significant biological differences. An 
ammonite shell is typically coiled, but not like a 
snail shell. The coiling is in a flat plane and equally 
depressed towards the centre on both sides. 
Some ammonites have straight or partially 
uncoiled shells. Usually an ammonite shell is a 
centimetre or two in diameter but some grew to 
over a metre. Internally, the shell is divided into 
chambers. Near the opening is a large chamber 
where the squid-like animal lived. Behind this are 
many smaller chambers. These could be filled with 
gas or water to control buoyancy. Externally, ammonite 
shells are ornamented with radiating ribs, tubercles 
(knobs) and spines. Under the shell, frilly suture lines 
mark the walls between the chambers. 
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Fuchsite is a fairly rare 
mineral that is of 
great interest 

Ns ^ to collectors. It is 

a member of the mica group. 


uchsite is a green variety of 

muscovite, one of the most common 

mica minerals. It owes its distinctive 
coloration to the presence of chromium 
oxide impurities: some specimens may 
contain as much as 5 per cent by weight of 
this compound. In many ways, fuchsite is 
similar to verdite, but unlike verdite it is a 
distinct mineral species and its chemical 
composition can always be definitively 
determined. Fuchsite is named in honour of 
Johann Nepomuk Fuchs, an 18th-century German 
geologist and mineralogist who studied various 
forms of mica. 

Fuchsite was once alternatively known as 

gaebhardite. Although this name is now obsolete, it 
is still sometimes encountered in older textbooks. 


Similar mineral 

Fuchsite contains a higher concentration of the 
compound chromium oxide than any other member 
of the mica group. Mariposite, a mica mineral 
named after Mariposa, California (USA), has exactly 


> Green fuchsite on a base of marble from 
Novara (Italy). Note the six-sided crystal shapes 
(pseudohexagons) and the sheet-like (lamellar) habit. 
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Fuchsite 


FUCHSITE 


Group: Silicates 


Chemical formula: K(Al,Cr);Si;Q;4( 0H); 
Hardness: 2-27 


Density: 2.77-2.88 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Green 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


v This specimen of fuchsite is 
made up of microcrystals that 
have been pressed together to 
form a massive aggregate. 


the same formula as fuchsite but never contains more 
than one per cent chromium peroxide. It also has a 
higher concentration of silicon. Although the two 
species may sometimes take on a similar green 
coloration and resemble each other quite closely, 
detailed analysis can always be relied upon to 
determine the exact identity of any specimen. 


Typical formation 

The beautiful green specimen of fuchsite that 
accompanies this issue of Treasures of the Earth is made 
up of microcrystals that have been pressed together to 
form a massive aggregate. The facets that can be seen 
sparkling in the light may be examined in greater detail 
with the help of a microscope or hand lens. 


Fuchsite is a member of the abundant silicate group 
of minerals. Each molecule contains the metallic 
elements potassium, aluminium and chromium, 


| together with the non-metals silicon, oxygen and 


hydrogen. Some atoms of chromium and oxygen join 
together to form chromium oxide, a green compound | 
(chemical formula Cr,0;). 

Crystals of fuchsite conform to the monoclinic 
system of symmetry in which no pair of faces is 


. the same length, breadth or height as any other. 


Externally, the mineral typically appears in great 
lumps (massive aggregates) or thin sheets (lamellae) 


| composed of microcrystals. Large crystals often take 
. the form of six-sided figures (pseudohexagons). 


Fuchsite is a soft mineral, scoring only between 
2 and 27 on the Mohs Scale of hardness: it can be 
scratched by a human fingernail. 


4 v The photographs on this page show three 
specimens of fuchsite from Novara (Italy). Note 
particularly the pseudohexagons and the visible 
lines of cleavage. 


Fuchsite is found in rocks that have been altered 
by heat and pressure (metamorphic rocks). It 

is particularly common in mica schists, where 

it is associated with biotite, and in various 
metamorphosed dolomites and marble. 

The authenticity and purity of all new TN 
fuchsite finds are measured against specimens 
from Schwarzenstein near Zillerthal in the — 
Austrian Tyrol: this is the typical locality ofthis = 
mineral. Other important deposits occur in Aosta, 
Bolzano, Como, Sondrio and Verceli io anes in 
the i Mountains in Russia. 


Dolomite can be both a mineral and a 
rock. As a mineral it is used in industry 
for furnace linings and in medicine it is 


a source of magnesium salts. 


ineral dolomite is basically white in colour, 

but it is often tinted by impurities of various 

kinds. Dolomite rock closely resembles 
limestone, but to merit the name it has to consist 
mainly of dolomite the mineral. 


History 

Dolomite is named after the French mineralogist 
Déodat de Dolomieu (1750-1801), who first 
identified it as a distinct mineral in its own right. 
Before 1791, dolomite had been lumped in with 
calcite because scientists thought that the magnesium 
was just a fortuitous inclusion, rather than an integral 
part of a different mineral. Thanks to Dolomieu’s 
pioneering work, we now know that calcite is calcium 
carbonate (the chemical formula of which is CaCO,) 
while dolomite is calcium magnesium carbonate with 


the chemical formula CaMg(CO,),. 


Mineral dolomite 

One of the most striking features of dolomite is 
the unusual shape of its crystals, which frequently 
have curved faces. They are said to resemble a 


saddle, and are often twinned, forming brownish- 


A 4 Crystals of 
teruelite - a 
dark variety of 
dolomite - from 
Navarre in Spain. 


yellow masses on the surfaces of broken rock in 
mineral veins. Another mineral which has this 
feature is the iron carbonate mineral, siderite. 
There are a number of ways of distinguishing 
dolomite from siderite, including density. 
Dolomite has a density of 2.85; siderite’s is 3.96. 
The mineral dolomite has a number of industrial 


DOLOMITE 


Group: Carbonates 


Crystal system: Trigonal 


Chemical formula: CaMg(CO,), 
Hardness: 34-4 

Density: 2.85 

Cleavage: Perfect, rhombohedral 


Fracture: Subconchoidal 


Colour: White, brownish, yellowish 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: None 


< Dolomite from the Traversella 
Mine in Turin, Italy. 


A Large translucent dolomite 
crystal from Egui, Navarre, Spain. 


uses such as for refractory 
bricks and furnace linings. 


Chemical make-up 
Dolomite is made up of 21.7 per 
cent calcium and 13.3 per cent 
magnesium. The rest of the 
mineral consists of carbon and 
oxygen. Dolomite can be pure, 
but it can also contain various 
other elements, including cobalt, 
lead and zinc. It is closely related 
to ankerite, in which magnesium 
is replaced by iron or even 
sometimes by manganese. 


Dolomitic rocks 
Dolomitic limestone is limestone 
that contains a proportion of 
dolomite but is not exclusively 
dolomite the mineral. It also 
contains calcite. Dolomite rocks 
contain fewer fossils than other 
limestones, because as the rocks 
are formed, recrystallisation takes 
place, so removing any fossils. 
The Dolomites are a large 


mountain range in north-east Italy. Part of the Alps, 
they are formed primarily from dolomitic limestone. 
Elsewhere dolomite the mineral and dolomite the rock 
are widespread and common throughout the world. 


Tests 


The one sure way to ascertain whether a mineral 
specimen is calcite or dolomite is to test for the 
presence of metallic magnesium, but a readier method 
is to apply cold dilute hydrochloric acid to a small 
piece of it — dolomite will dissolve in it more slowly 
than calcite, but it will effervesce much more quickly 
than calcite when it is warmed over an open flame. 
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Dolomite is a widespread secondary mineral that 
occurs in hydrothermal veins that also contain galena 
and sphalerite. It forms when magnesium-bearing 
solutions contact limestone. = * 

Fine dolomite crystals are found at St Eustache, 
Quebec (Canada), in Italy, Mexico, Spain, Brazil, - 
Namibia, Germany, Austria and Switzerland: In the 
USA, the best deposits are found in Missouri, 

i ‘Oklahoma, Kansas, Indiana, New Jersey, and in quartz 
geodes at Keokuk, lowa and Lockport, New York: 
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Dolomite is a member of the carbonate group. It is a 
carbonate of calcium and magnesium. 

Dolomite crystallises in the trigonal system and 
usually appears in six-sided shapes with parallel sides 
(rhombohedrons): these typically have curved faces. 

Dolomite may also form as saddle-shaped crystals. 
Twinning of dolomite crystals is common. When it is 
struck with a sharp instrument, dolomite splits easily 
along its weakest surface planes - thus the mineral is 
said to have perfect cleavage. 

Dolomite usually fractures in such a way as to leave 
behind patterns that resemble the shape of a seashell, 
but the similarity is not striking. Therefore the 


scientific description of its 
fracture is'subconchoidal'. 

Dolomite is usually white, 
although it may sometimes be 
colourless and, in the presence 
of certain impurities, it may be 
yellowish to brown or even pink. 

Dolomite always produces a 
white streak when it is rubbed 
on a piece of unglazed white 
porcelain. 


4 Dolomite and pyrite crystals from 
Kosovo, former Yugoslavia. 


v Dolomite on quartz from Turin, Italy. 


Glaucophane is a greyish-blue 


colour that becomes more intense § 
when the mineral is immersed 


in water. Its exact chemical 


make-up is extremely variable. 


laucophane is blue, blue-grey, lavender 

blue or often just grey. It is not of particular 

value to mineral collectors because of its 
variable make-up. 


Amphiboles 

Glaucophane is an amphibole. Amphiboles are a 
large group of hydrous silicate minerals that contain 
a variety of metals. 

Amphiboles take a wide variety of forms and 
usually appear in long, slender, dark-coloured 
crystals. Members of this group include actinolite, 
hornblende and tremolite, and they are all 
common constituents of many igneous and 
metamorphic rocks. Rocks that contain a 
very high proportion of amphiboles are 
called amphibolites. 

Glaucophane is found in crystalline 
schists, where it is often accompanied by 
various other silicate minerals, including 
epidote, chlorite, jadeite, lawsonite, 
muscovite, biotite and feldspar. 

Glaucophane contains a number of metals 
including sodium, magnesium, iron and aluminium. 
Beyond that, the precise details of its make-up are 
extremely variable. 

Some attractive examples of glaucophane are those 
whose appearance has been enhanced by the presence 
of green emerald or sparkling red needle-shaped 
aggregates of rutile within their structure. 


Tests 

Glaucophane is insoluble in acids. It melts easily to 
form a green-coloured glass. Its surface can be cleaned 
effectively with dilute acids which remove extraneous 
matter from the mineral's surface but do not cause any 
damage to the crystal itself. 

‘Tests are important for differentiating glaucophane 
from its close relative riebeckite. Ricbesidte is another 
member of the silicate group of minerals. Its chemical 
composition is very similar to that of glaucophane, 


but it is dark blue or black. 


A A fine specimen of glaucophane from a mine 
in San Benito County, California, USA. 


Glaucophane occurs in sodium-rich crystalline schists - 
t that have been formed from sedimentary deposits. 
These deposits have undergone metamorphism at 
low temperature and high pressure. Glaucophane is 
"p in association with many other minerals, 
including jadeite, lawsonite and pumpellyite. . s 
Glaucophane occurs on the island of Syra in the 
Greek Cyclades. Elsewhere, it is found in various parts - 
of Italy, especially the Piedmont region around Turin, 
outside Zermatt in Switzerland, along the coastal 
ranges of California, USA, and in Scotland, France 
and Japan. 


One of the other important differences between 
these two minerals is that glaucophane at 6 on the 
Mohs Scale is harder than riebeckite, which 
scores only 5. 


Glaucophane schists 

Schists are metamorphic rocks formed 

by regional metamorphism - this is the 

alteration of pre-existing rocks over a wide 
geographical area. It is brought about by 

pressure and temperature caused by crustal 
movement and the burial of rocks to some 

depth. The main characteristic of schists is 
schistosity, a wavy foliation running in thin parallel 
surfaces through the rock. These surfaces are not as 
flat and thin as the cleavage planes in slate, which 
allow that rock to be split easily into sheets. Gneiss is 
another regionally metamorphosed rock, but this has 
coarse, granular bands of minerals. 
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Glaucophane is a member of the silicate group of 
minerals. It crystallises in the monoclinic system, 
and although individual crystals may be prismatic 
or needle-shaped (acicular), these are rare. It is 
more commonly massive, fibrous or granular in 
appearance (habit). 

Glaucophane is translucent and has a glassy 
(vitreous) to dull or pearly sheen (lustre). It is a fairly 
hard mineral of average density and it has perfect 
cleavage. When rubbed against an unglazed porcelain 
tile, it has a blue-grey streak. 


GLAUCOPHANE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Na;(Mg,Fe);AL;Sis0;,(0H); 
Hardness: 6 

Density: 3.08-3.15 

Cleavage: Perfect 

Fracture: Uneven to conchoidal 


Colour: Grey, blue-grey, lavender blue 


Streak: Greyish blue 


Lustre: Vitreous to dull or pearly 


Fluorescence: Absent 


< Glaucophane from Marin County, California, USA. 


4 Grey-blue 
glaucophane 
crystals with green 
fuchsite (Italy). 


v Small, prismatic 
crystals of 
glaucophane on 
schistose rock from 
Turin, Italy. 


Glaucophane schists are formed by high pressure 
and moderate to low temperature metamorphism. A 
glaucophane schist contains a significant quantity of 
that mineral, often together with albite, chlorite, 
garnet, jadeite and quartz. 


Heulandite is found in many 


cH, countries, but seldom in very 
v great quantities. It is a member 


of the zeolite group of minerals. 


he mineral heulandite occurs as elegant, 

table-top-shaped crystals. It is a zeolite, 

and when heated, it continuously expels 
the water it contains. 


Absorbent zeolites 

Zeolites have many uses because they 
are absorbent. Japanese farmers use 
them to cleanse animal boxes of 
hydrogen sulphide and 

ammonia gases. In the 

USA they are used to 

remove smells from 

cat litters. A lot 

of research is 

currently being 

done into zeolites 

in the hope of 

developing a cost- 

effective method 

of producing them 

synthetically. 

Zeolites are glassy 
secondary minerals 
that are made up of aluminium silicates of various 
metals. All zeolites contain loosely-held molecules of 
water that can be expelled by heating. Thus if you 
heat a zeolite specimen in a closed test tube, the water 
will condense on the inside of the glass. 

The unusual thing about this chemical reaction 
is that the water is expelled continuously, rather than 
in small amounts at certain temperatures. When 
dehydrated zeolites are exposed to water vapour, they 
take it in again at once. 

Among the other zeolites are analcime, scolecite, 
stilbite, harmotome, paulingite, pollucite, viseite, 
chabazite, laumontite, natrolite, phillipsite, mesolite, 
brewsterite and thomsonite 


History 

Heulandite was first named in 1822 by the British 
crystallographer Henry James Brooke, in honour of 
the great mineral collector and trader John Henry 
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A Crystals of heulandite from volcanic 
basalt rocks in Iceland. 
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Heulandite is found in the cavities of volcanic 
rock formations, including basalts and andesites. 
(Andesites are fine-grained igneous rocks named 
after the Andes Mountains in South America.) It 
also occurs in veins in schists, gneiss and granite, 
and also in certain sedimentary rocks like sandstone. 
Heulandite is found in New South Wales (Australia), Rio 
Grande do Sul (Brazil), in Iceland, and around Poona 
and Bombay in India, on the Isle of Skye (Scotland), in 
Switzerland and in various parts of the USA, especially 
in northern New Jersey. It also occurs in Alaska, Nova 
Scotia, Austria and New Zealand. The Trentino region 
of Italy boasts lovely examples of red heulandite. 


Heulandite is a zeolite belonging i : 
to the silicate group of minerals. : (J 
The potassium, calcium and 
sodium in heulandite can 
substitute themselves one for 
_ the other within the structure of 
| the mineral itself. As a result, the 
exact chemical make-up of 
various heulandite specimens 
can differ slightly in detail. 
` Heulandite occurs in a variety of 
colours. Commonly it is white, 
but it can also be red, pink, 
brownish or grey. It crystallises in 
the monoclinic system and 
frequently occurs as tabular or 
trapezoidal crystals. The crystal | 
ends often resemble the roof of 
a house. Its habit may also be 
massive or granular. Heulandite 
has perfect cleavage and uneven 
fracture. With a hardness of 37 to 
4, it is slightly harder than a coin. 
| Like many other zeolites, 
heulandite has a lower than 
. average density at 2.1 to 2.2. 


Heuland (1778-1856). y me. A Crystals of heulandite found in 
Before it was finally rd Pie West Paterson, New Jersey, USA. 

identified as a distinct | 
mineral with a unique 

character and chemical 
composition of its 


4 Heulandite from Nasik, 
Maharashtra, India. 


own, heulandite was v Crystals of heulandite from the 


Poona District of Maharashtra, India. 


frequently confused 
with stilbite (another 
hydrated silicate of 
calcium, sodium 

and aluminium). 
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HEULANDITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: (Na, Ca);;Al; (Al, Si); Si;; 03s-12H20 
Hardness: 3/—4 

Density: 2.1-2.2 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless, white, grey, pink, red, brown 


Streak: Colourless 


Lustre: From vitreous to pearly 


Fluorescence: Absent 
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Ithough Brazil is extremely rich in mineral 
deposits, many of these valuable minerals are 
very difficult to obtain. This is because so 


much of Brazil is wild and hostile, and efficient road 
and rail links are few and far between. 


A new capital 

In 1957, to encourage development of the interior, 

the government began to build a new capital, named 
Brasilia, in a previously remote, outlying part of Goias 
State. After Brasilia was inaugurated as the national 
capital on 21st April 1960, economic development and 
industrialisation — which were largely unregulated — 
accelerated alarmingly until, in 1987 alone, a forested 
area of over 77,000 square miles was cleared by 
burning. This aroused worldwide alarm about 
irreversible damage to the environment, and since then 
the Brazilian authorities have instituted conservation 
programmes to try to prevent further excesses. 
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'On the mineral trail' is 
an occasional series in 
which we take time out 
to look in greater detail 
at some of the main 
mineral- and gemstone- 
producing regions of 
the world. 


D 
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_ Espirito Santo ii 

Rio de Janeiro 

4 Brazil is the fifth largest 
country in the world, occupying 
almost half the area of South 
America. It is enormously rich in 
minerals, but exploitation needs 
to be carefully managed in this 
environmentally sensitive region. 


Geology 

Much of the geology of Brazil is made up of igneous 
and quartzite rocks. Over millions of years, large 
blocks of land thrust upwards and were then eroded by 
the sea, which later contributed layers of sedimentary 
rock. The Brazilian Highlands contain many 
conspicuous, isolated hills with steep, cliff-like sides 
and flat tops. Some of these hills, called buttes, are 
formed where very hard dolerite and basalt rocks have 
resisted erosion to which softer, surrounding rocks 
have yielded. Dolerite and basalt are basic igneous 
rocks. Dolerite forms underground, whereas basalt is 
hardened lava that has erupted from a volcano. The 
lowland regions of the country are largely made up of 
sedimentary rock of alluvial origin. 

If you look at a map of the world, you will see that 
the eastern coast of South America seems as if it might 
fit into the western coast of Africa. When scientists 
found many similar rock formations in both areas, the 
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discovery lent great weight to the theory of 
Continental Drift (see The Story of the 
Earth 6). Until then many 

scientists had been sceptical 

about Alfred Wegener’s 

hypothesis, but it is now 

accepted that South America 

and Africa were once joined 

together — the sea came in to fill 

the gap between the two great 

land masses when they began to 

move apart. 


Mineral wealth 

Brazil’s minerals make an 
enormous contribution to 

the world economy. Brazil 

supplies about 15 per cent 

of the world’s iron ore, 

which takes the form of 

hematite. Some of this is 

processed into steel locally, 

but most of it has to be 

shipped abroad for smelting 
because Brazilian coal, though 
plentiful, has a very high ash 
content. (To make iron ore into steel, 
high-grade coking coal is required). 

Brazil has the world’s third largest reserves of 
bauxite, the valuable mineral ore from which metallic 
aluminium is extracted. It is one of the world’s largest 
petroleum producers, and it owns substantial offshore 
oil and natural gas deposits in the Atlantic Ocean. 

Among other valuable materials extracted from 
Brazilian mines are asbestos ore, barite, beryllium, 
cassiterite, chrome ore, diamonds, dolomite, gold, 
kaolin, lead, manganese, monazite, nickel, platinum, 
salt, tungsten, uranium, zinc 
ore and zirconium. 


Minas Gerais 

One state of Brazil is 
particularly rich in minerals. 
Minas Gerais (the name 
means ‘General Mines’ in 
Portuguese) is about the size 
of France. Much of it is made 
up of hills, deep valleys and 
plateaus that run off the 

tall Serra da Mantiqueira 
mountain range in the south. 
No one knows exactly when 
precious gemstones were first 


> Gold mining in the Serra 
Pelada region of Para State. 
Note the enormous amount 
of tree clearance that has 
taken place. 
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<A platinum nugget, one of Brazil's 


discovered in Minas Gerais, but it 
is certain that when explorers went 
out from Sao Paulo at the end of 
the 17th century to look for Indian 
slaves, they came across gold along 
the banks and in the beds of the 
rivers there. 
These gold deposits were 
called faisqueiras (sparkle), and the 
biggest pieces were easily visible — the 
explorers didn’t need to pan the rivers 
or mine the hills; all they had to do was 
bend down and pick up wealth beyond 
the dreams of avarice. 
News of this discovery 
spread like wildfire, and a 
gold rush soon ensued. As 
with the later gold rushes 
in Australia and North 
America, many people 
made their fortunes, but 
many others were ruined 
financially or were killed 
as greed took hold. Until 
the last quarter of the 18th 
century, slave labourers in Minas 
Gerais were producing half the world’s gold. 
Nowadays, Minas Gerais state produces more 
diamonds, phosphates and tin than any other state 
in Brazil. Its iron reserves, though large, are exceeded 
by those in the Amazon region of Brazil, principally 
around the city of Projeto Grande Carajás in Pará 
State where hematite deposits are estimated at 
35,000 million tonnes. 
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œ What causes the colour 
of minerals? 


We continue our study of the colours of minerals with a look at the 
physical causes of the different characteristics. 
This is probably the most difficult part of the whole subject. 


Wavelength 

For a proper understanding of what 
causes the colours of minerals — and 
indeed the colours of everything we see 
— it is first necessary to consider the 
nature of light itself. 

Visible light makes up only a 
small part of the whole spectrum of 
electromagnetic waves. Whether light is 
visible or not depends on both the 
length and frequency of its waves. 

The greater the length of a light 
wave, the shorter its frequency. The 
reverse is also true: the longer the 
frequency, the shorter the wavelength. 
Frequency and wavelength are 
therefore said to be inversely 
proportional to one another. 

The wavelengths that make up 
the electromagnetic spectrum are 
as follows: 


600 nm 


1. Radio waves, which have 
wavelengths that vary from kilometres 
to metres in length. As the name 
implies, they are used in broadcasting. 
500 nm 
2. Infra-red rays, which have waves 
between one millimetre and 0.7 
micrometres in length. 


3. Visible light wavelength ranges 
from 0.007 to 0.004 millimetres, also 
expressed as 7 to 4 nanometres. (A 
nanometre is one thousand millionth 
of a metre. This can also be written as 
0.000000001 metres or 10? metres.) 
Within the spectrum of visible light, 
red has the longest wavelength, 
followed in descending order by 
orange, yellow, green, blue, indigo 
and violet, which has the shortest 
wavelength (see diagram, right). 


400 nm 
nm - nanometres 


A The spectrum of colour 
that makes up visible light. 
The wavelength goes from 
700 nanometres of red light 
to 400 nm of violet light. 


4. Ultraviolet rays are between 400 
and 4 nanometres long. These rays are 
often used in mercury-vapour lamps. 


5. X-ray waves range between 10-1! 
and 10? metres long (approximately). 
There is some wavelength overlap 
between X-rays and gamma rays. 


6. Gamma rays generally have even 
shorter wavelengths than X-rays. Gamma 
rays are the shortest of all light rays and 
range from10?m to 10-!^m. Because 
they are the shortest beams in the 
electromagnetic spectrum, they have 

the highest frequency. 


Visible light 

If we pass a beam of white light through 
a prism, it will break up into its seven 
constituent parts, and appear as a multi- 
coloured ribbon. But when white light 
passes through certain minerals, some of 
the colours may be absorbed altogether. 

For example, minerals that appear red 
in the light take on that colour because 
they have absorbed all the other six 
colours of the spectrum within their 
internal structure. 

However, this account is not quite the 
whole picture. What complicates it is the 
fact that some minerals that only absorb 
the green light can nevertheless appear 
red — this effect occurs because green 
light and red light are complementary to 
the human eye, and when they are mixed 
together they may even appear white. 

What we can say for sure is that a 
mineral will appear to be coloured if it 
absorbs any part of the light that passes 
through it. If absorption were uniform 
for all colours of the spectrum, the 
mineral would appear to be grey; if 
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What causes the colour of minerals? 
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> A band of white light 
seen as it passes through 
a prism and breaks up 
into its seven constituent 
colours. 


absorption were total, the 
mineral would look black. 


Energy 

Once it has passed 
through a mineral of this 
type which blocks out 
some of the colours, the 
spectrum of coloured light 
will emerge on the other 
side with dark bands in 
place of the colours that 
have been absorbed. 

Each of these bands 
corresponds to a particular 
level of energy within 
the electrons that make 
up the colour that is 
now invisible. 

The rule that colour is 
determined by the extent 
to which energy is 
absorbed within the body of a mineral is part of 
quantum theory, a fascinating branch of high-level 
physics. Because this level of absorption tends to be 
consistent within elements, we can see that minerals 
containing copper are often green or blue, because 


copper will usually absorb all the other colours. In the 


same way, cobalt compounds are usually reddish and 
nickel compounds are green. 

When the bands of light absorption within a 
mineral are particularly narrow, they can provide 
mineralogists with a vital clue to its identity — zircon, 
apatite and scheelite are among the minerals that are 
best recognised in this way. 

Sometimes, the type and extent of the absorption 
may vary according to the type of light that is shone 


on the mineral under examination. A good example of 


this is alexandrite, the variety of chrysoberyl that is 
green in natural daylight and red in artificial light. A 
similar effect can be seen in monazite and other 
minerals of the ‘rare earth’ group. 


Electrons 

The changes that occur in the energy levels of 

the electrons that make up light are caused by 
imperfections in the crystal structure of the mineral 
through which they pass. These imperfections form 
centres of colour in which the electron energy is 
captured and from which it cannot escape. This 
process is central to the creation of coloured 
minerals, and it is important to understand it fully. 
Some minerals — including schorl (black tourmaline), 


Each colour of the 
visible spectrum is 
marked by a 
different 
wavelength, 

as follows: 


Red 740-620 nm 
Orange 
Yellow 
Green 
Blue 


620-585 nm 
585-575 nm 
575-500 nm 
500-445 nm 
445-425 nm 
425-390 nm 


Indigo 
Violet 


A nanometre (nm) 

is a very small 
measurement of 
length, equivalent 
to one thousand 
millionth of a metre. 


and biotite — are very dark in colour or black because 


their constituent molecules are made up in such a way 


that they exchange the electrons within their own 
atoms. As a result of this, they swing to and fro 
(‘oscillate’) between different parts of the molecule. 
When this occurs, much of the white light that enters 
the body of these minerals is absorbed in the energy 
field that the mineral’s electrons have created. 


Sulphides 
Sulphide minerals can be divided into two groups — 
some are black with a metallic appearance, while 
others are more or less dark red. 

Black sulphides get their colour because the visible 


light has sufficient energy to make the electrons within 


the mineral ‘jump’ to a higher energy level. As a 
consequence of this, the mineral is able to absorb the 
light completely and make the mineral appear black. 

Infra-red light does not have sufficient energy to 
cause this effect, and that is why some sulphides like 
antimonite can be used as filters to stop visible light 
passing through them: they emit only infra-red light. 

Other red sulphide minerals — especially those 
containing precious metals like silver — separate the 
incoming light that has shorter wavelengths. Since red 
light has the longest wavelength of all the light in the 
visible spectrum, it lacks the energy needed to make 
the electrons within the mineral ‘jump’, and red light 
is therefore not absorbed within the body of the 
mineral — hence the red colour. This causes the red 
colours in proustite, pyragyrite and cinnabar. 
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When carbon is burned it creates energy that is put to 
a wide variety of uses. The main fossil fuels are coal, 
oil and natural gas, and most of the industrial world is 


powered by these sources of energy. 


The world's major coal deposits originated during the 
Carboniferous Period of geological time, between 345 
and 290 millions of years ago. Coal was formed from 
vegetation that was eventually covered over by layers 

of shale, clay or sandstone. The vegetation in time 
became greatly compressed by the covering layers. This 
pressure produced heat and coal was the result. 

In general, the lower the coal seam in the Earth, the 
higher its quality. This is because the deepest coal has 
been subjected to greater heat and it is therefore richer 
in carbon than deposits closer to the surface. 

The highest grade of coal is anthracite (also called 
‘hard coal’), which is nearly pure carbon and is used as 
an industrial fuel. Bituminous coal (‘soft coal’) has a 
lower carbon content and is used as a domestic fuel 
and for making coke. Lignite and peat, which are 
found close to the surface, have the lowest carbon 
content of all the forms of coal. 


Oil is often found in underground deposits. Although 
its make-up is variable, it is a mixture of hydrocarbons. 
(Hydrocarbons are organic compounds that consist 
mainly of carbon and hydrogen.) Like coal, oil 
developed over millions of years from incompletely 
decayed plant and animal remains that became buried 
under thick layers of different types of rock. 

After oil has been extracted from the earth, it is 
transported to refineries where it is separated into 
fractions. Fractions are obtained by a distillation 
process in which the crude petroleum oil is heated and 


THE STORY OF THE 


The sun sets over the polluted atmosphere that 
envelops the bleak industrial landscape over Zabrze, in 
the Katowice district of Poland. Poland is believed to be 
the most polluted country on Earth, and Zabrze is the 
worst affected town in Poland. The Polish Academy of 
Sciences describes Zabrze as ‘an environmental disaster 
area’. Statistics show that childhood leukaemia there is 
abnormally high and increasing, and that the town has 
the highest rate of infant mortality in Europe. The 
Katowice region occupies only two per cent of Poland's 
land mass but causes 40 per cent of its pollution. 


sent into a tower, then drawn out and made into the 
various petroleum products. These products include 
natural gas, petrol, naphtha (used as a solvent), 
kerosene, diesel fuel, heating oils, tars and pitch. 

The greatest demand is for the lightest petrol products. 
Petrol, for example, is enormously valuable because 

of its use in the internal combustion engine, and 
especially in the motor car. 

The world’s leading petroleum-producing nations 
include China, Iraq, Libya, Mexico, Nigeria, Russia, 
Saudi Arabia, Venezuela, and the United Arab 
Emirates. The largest oil fields are in the Middle East. 


Natural gas is a combination of various combustible 
(flammable) gases that are found in the Earth. These 
gases are largely a mixture of hydrocarbons. They 
usually contain about 80-90 per cent methane, 

an explosive gas that is made up of one atom of carbon 
and four atoms of hydrogen (chemical formula CH3). 
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Fossil fuels 


> A panoramic view across the Black 
Mesa open-cast coal mine in Arizona, 
USA. Mining started here in the 1960s, 
and now lays waste about 200 
hectares of new land every year. 
Although the exhausted mines 

are restored with fresh topsoil and 
re-seeded with plants, the original 
habitats are inevitably lost. 


The exact composition of natural 
gas varies from place to place, and 
may include carbon dioxide, 
nitrogen, hydrogen, carbon 
monoxide and helium. 

Although natural gas is often 
found in the same place as oil, it 
also occurs apart from it, in sand, 
sandstone and limestone deposits. 

Natural gas is found in many 
places around the world, especially 
Russia and the USA. In 1963 it was 
discovered under the North Sea, and 
since 1970 both Britain and Norway 
have reaped enormous economic 
benefit from the rich deposits that 
were found there. 


But there are many problems with 
fossil fuels. One is that they are non- 
renewable — once they have been used 
up, they cannot be replaced. 

Another serious concern is the 
effect they have on the environment. 
When fossil fuels are burned, they 
give off carbon dioxide which is thrown up 
into the atmosphere and creates the so-called 
‘greenhouse effect’. 

This term is used to describe what happens 
when heat that should be able to escape becomes 
trapped in the Earth’s atmosphere. Carbon dioxide, 
water vapour and ozone prevent heat from leaving 
Earth’s atmosphere, and the effect is rather like what 
happens when the action of the Sun on glass raises the 
temperature inside a greenhouse. The level of carbon 
dioxide in the atmosphere has doubled in the last two 
hundred years, and this has led scientists to conclude 
that there is a long-term increase in temperature on 
Earth — this is known as ‘global warming’. 


Nuclear reactors are another source of energy. 
Nuclear power is not a fossil fuel, but comes from 
the radioactive elements uranium and plutonium 
(manufacured by processing uranium). Although 
these are finite energy sources, spent plutonium can 
be converted in a breeder reactor to fissile plutonium, 
which is infinitely renewable. 


The problem here is that there is no way of ensuring 
the safety of nuclear reactors — they may leak, with 
disastrous consequences, like those seen at Three Mile 
Island, USA, in 1979 and at Chernobyl in the former 
USSR in 1986. Also, there is no safe method of 
disposing of the highly toxic nuclear waste they 
produce. The development of nuclear fusion — the by- 
products of which are harmless — has been impeded by 
the difficulty of obtaining the requisite fuel, the heavy 
form of hydrogen. 


Environmental groups all over the world are keen 
to see a move away from these potentially dangerous 
sources of energy towards renewable, ‘green’ sources. 

These include energy from water and wind that can 
be harnessed in turbines, water wheels and windmills; 
energy from geysers and tides; and biomass energy, 
which comes from crops, crop waste and wood. 

Every one of these fuel sources is already tapped to 
some extent, but their full potential cannot be realised 
without a much higher level of investment in the 
technology needed to exploit them. 
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Y A specimen of calcite 
with inclusions of native 
copper from Michigan (USA). 


Calcite is one of the 
world's most common 
and widespread minerals 


alcite is usually colourless or white but may 

also be black, blue, brown, green, grey, red and 

yellow. It takes its name from the Laltin calx, 
meaning ‘limestone’. 


Abundant mineral 
Calcite is found in all limestones. It is stable at most 
temperatures and pressures near the Earth’s surface, 
and hence it is the most widely distributed and 
abundant form of calcium carbonate. (The other 
main calcium carbonate mineral is aragonite.) (seen through the specimen) appears double. Iceland 
spar is so called because the best specimens are found 
Double refraction in that country. 
Calcite is of scientific importance because it is the It was from studying Iceland spar that Dutch 
classic mineral that displays the phenomenon known physicist and astronomer Christiaan Huygens 
as double refraction. Light is deflected when it passes (1629-1695) first proposed the wave theory of light 
from one medium into another, and this phenomenon and formulated the laws of double refraction in 1678. 
is known as refraction. A pencil half immersed in More than a century later, it was from a detailed 
water will appear to be bent at its point of entry into study of calcite that the great French mineralogist 
the liquid: this is known as ordinary, or single, René-Just Haüy (1743-1822) developed his theory of 
refraction. Double refractions is exhibited by Iceland crystal structure, which was an important contribution 
spar, a chemically pure, completely transparent, to our modern understanding of crystallography. 
colourless variety of rhombic calcite. The best 
way to observe this property is to place a CHARACTERISTICS 
specimen of Iceland spar on a page of 
writing. As the mineral is slowly rotated, a Calcite is a member of the carbonate group of 
point will be reached when the writing minerals. It is a carbonate of calcium. 
Crystals of this mineral conform to the trigonal 
v Individual prismatic " system of symmetry. However, its external appearance 
crystals of calcite. ^ is enormously varied: it is most commonly tabular 
gi or prismatic but may also take the form of tiny 
grains, stalagmites, stalactites or shapeless masses. 
Twinning is widespread. 
Despite the great variety of shapes and colours 
that this mineral may have, it always shows perfect 
cleavage: that is, it splits off cleanly along its weakest 
planes when hit with a hammer or subjected to 
pressure. When this occurs, calcite will always have 
cleavage fragments which are rhombohedral in shape. 
When it is placed under ultraviolet light, calcite 
will show a distinct fluorescence. The exact colour 
of this may vary, depending upon the impurities 
each specimen contains, but it is commonly green, 
yellow, blue or red. 
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Industrial uses 

Calcite is the most important mineral in limestones 
and marbles used in the building, chemical, glass and 
steel industries. It is the raw material for all quicklime 
(calcium oxide) and cement. 

One of the best-known rocks containing calcite is 
the beautiful creamy Carrara marble from Italy which 
is used all over the world, especially for sculpture 
and tombstones. 


The cut 


Although calcite is indisputably a mineral rather than a 
gemstone, some of the best specimens are fashioned 

to enhance their appearance and bring out their best 
lights and internal features. This is especially true of 
one form which shows the distinctive optical effect 
known as the cac's eye. 

Calcite may be smoothed into domed cabochons or 
tumbled into beads. The preferred faceting angles are 
40?—50? along the crown and 43° along the pavilion 
surface. (For a detailed explanation of gem-cutting 
terms, see The cuts and facets of gemstones’ in 


Discovery 9.) 


FACT FILE 


CALCITE 


Group: Carbonates 


Crystal system: Trigonal 


Chemical formula: CaCO, 


Hardness: 3 
Density: 2.7 
Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Colourless, or white when pure 
Streak: White 
Lustre: From vitreous to pearly 


Fluorescence: Blue, green, red or yellow 


< Honey-coloured crystals 
of pointed, dog-tooth 
(scalenohedral) calcite 
from the abundant 
deposits at Alston Moor, 
Cumbria (England). 


v Twinned crystals of 
calcite from Egremont, 
Cumbria (England). 


Calcite is the chief constituent of all limestones. 
It also occurs in some other sedimentary rocks, in 
metamorphic marbles and in certain igneous rocks 
called carbonatites. The stalagmites and stalactites 
often found in caves are all made of this mineral. 

The finest calcite crystals are called Iceland spar 
after their country of origin. The largest calcite 
crystals have been found in Iceland at Helgustadir 
and Reydarfjórdur: one was 7m long, 7m wide and 2m 
deep and weighed 254kg; another was.6x6x3m and 
weighed 280kg; a third specimen was 5x5x3m and 
weighed 214kg. p 

Among the world's other main calcite deposits 
are those found in the following locations: Cornwall, 
Cumbria and Durham (British Isles); Fontainebleau 
(France); Freiberg (Germany); Carrara, Sardinia, Trento 
and Vicenza (Italy); Tsuneb (Namibia) and in various 
parts of Mexico. In the USA, calcite deposits are 
found in the lead-zinc ore regions of Illinois and 
Wisconsin, with native copper at Keweenaw, 
Michigan, and in South Dakota. 


Zeolites 


Zeolites are a large group 
of minerals that are 
characterised by their 
unusual crystal structure. 


eolites contain water which 

can be driven off easily by 

heating. When this has 
happened the zeolite can then 


take in other molecules of similar 
size. As a result, zeolites may be 
used to absorb hardness in water 


and offensive smells. 


What makes zeolite minerals 


absorbent is their open, three- 
dimensional crystal structure. 


Whereas in many rehydrated minerals 
the water is attached to the main body, 


the water in zeolites is held in cavities 


inside the structure. 


One of the effects of this is that when zeolites 
are heated, the water they contain is driven off 


A Stilbite on a base (matrix) of lava. 


continuously, not, as would normally be expected, in 


certain amounts at certain temperatures — it is as if the 
water gushes rather than trickles, and the effect can be 
seen clearly if a zeolite specimen is heated in a closed 


test tube. 


Once the original water has been removed from a 
zeolite, it is then very receptive to receiving new 


molecules into the spaces 
that have thus been 
created within its 
structure. The most likely 
replacement for displaced 
water is more water, and 
dehydrated zeolites will 
readily absorb water 
vapour from the Earth's 
atmosphere. 

However, zeolites can 
also absorb other materials 
with similar-sized 
molecules, and this 
property makes zeolites 
very useful in industry as 
absorbents. Although it is 
often not cost-effective to 
use naturally occurring 


Industrial uses 


zeolites for this purpose, a lot of work is currently being 
done by scientists to produce cheaper, synthetic zeolites. 


As their crystal structure changes very little when water 
is removed from them, zeolites contain plenty of space 


which the molecules of other substances can occupy 


A Zeolites can come in many different forms; some of 
the most readily obtainable (shown here) include 
heulandite, prehnite and stilbite. Some of these 
specimens may be found set in lava. 


very quickly. The main practical application of this 
unusual property is in molecular sieves — instruments 


that can be used both as 
drying agents and in the 
separation and purification 
of various fluids. 

In another process, 
zeolites are loaded with 
chemicals which are then 
cut off from any reaction 
that may be going on 
around them. If it is 
necessary for these 
chemicals to be released 
later in the reaction, this 
can be achieved either by 
heating the zeolite or else 
by bringing it into contact 
with a new material that 
can be absorbed more 
easily than the one the 


AA Plain stilbite, with no visible attachments 
or inclusions. 


Ab Heulandite on a base of stilbite. 


A White natrolite combined with a darker mesolite. 
These minerals often occur together in this way. 


> A specimen of apophyllite, a mineral that is 
structurally related to the zeolites and is often 
found in association with them. 


zeolite already contains — the new substance will take 
the place of the previous ‘tenant’ within the body of 
the zeolite and send it into the reaction from which it 
had been shielded. 

Some zeolites are also used in sorption pumps for 
vacuum systems and certain types form part of 
Permutit and other water softeners. 


Group members 
All zeolites are members of the silicate group of 
minerals. The one essential property they all must 
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share to merit the name is the open crystal structure 
already described. 

Zeolites are glassy, secondary minerals that form in 
cavities in lava flows and plutonic rocks throughout 


the world. They are mainly made up of hydrated 
aluminium silicates of calcium, sodium or potassium. 
Another mineral, apophyllite, used to be called 
amidal zeolite, because, although it contains no 
aluminium, it resembles the zeolites structurally and 
expels water in the classic zeolite way. Among the 
most widespread and commonly occurring zeolites 


PY 


are the following: 


analcime 
brewsterite 
chabazite 
dachiardite 
edingtonite 
epistilbite 
erionite 
faujasite 
ferrierite 
gismondine 


gmelinite 
gonnardite 
harmotome 
heulandite 
laumontite 
levyne 
mesolite 
mordenite 
natrolite 
offretite 


paulingite 
phillipsite 
pollucite 
scolecite 
stilbite 
thomsonite 
viséite 
wellsite 
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eneghinite 


Meneghinite has 
beautiful, slender, 
needle-shaped crystals. 
RN OMS It contains the metals 
antimony, lead and copper. 


eneghinite is a very soft 
mineral. It has no industrial 
uses, but it makes an 
interesting addition to any mineral 
collection. It has fragile, metallic, 
dark grey crystals. 
Meneghinite was first discovered 
in 1852 in the famous Bottino Mine 
in the province of Lucca, west of 
Florence in central Italy. It was named 
after Professor Giuseppe Meneghini 
(1811—1889), a distinguished geologist 
from the University of Pisa. 
The finest examples of meneghinite still 
come from Lucca and Bottino in Italy, but since 
the 19th century further deposits of the mineral have 
been discovered in various other locations around the 


world, including Canada, Great Britain and the USA. 


A Meneghinite crystals on quartz, from Lucca, Italy. 


4 Y Needle-shaped (acicular) meneghinite crystals. 


CHARACTERISTICS 


tf 
Meneghinite is a member of the sulphide group of T 
minerals. It is a sulpho-salt with a complex chemical 
structure that contains the elements antimony, 
copper, lead and sulphur. 

Meneghinite crystals are elongated to form very 
long and fine needle-shaped (acicular) crystals. These 
are often grooved (striated); they are very fragile, and 
they break off easily. When it is not crystalline, 
meneghinite appears in shapeless forms. 

Meneghinite is dark grey in colour and displays a 
metallic sheen (lustre). It is very soft (24 on the Mohs 
Scale) and heavy (almost six and a half times the 
weight of an equivalent volume of water). 

If a piece of meneghinite is rubbed across an 
unglazed porcelain tile, a shiny black streak of powder 
is left on the tile. 

Meneghinite can easily be confused with 
boulangerite. Boulangerite is another sulpho-salt of 
antimony and lead, but it has fewer atoms of each of 
these elements than are found in meneghinite. 


ME 4 


FACT FI 


MENEGHINITE 


Group: Sulphides 


Crystal system: Orthorhombic 
Chemical formula: CuPb,,Sb,S,, 
Hardness: 2/ 

Density: 6.36-6.41 

Cleavage: Perfect 


Rare mineral _ 


Fracture: Conchoidal 


Colour: Dark grey 
Streak: Black 
Lustre: Metallic 


Fluorescence: None 


Two fine examples of 
meneghinite from the Bottino 
Mine near Lucca, Italy. 


4 Meneghinite on quartz. 


4 Y Meneghinite with 
chalcopyrite and sphalerite. 


ORIGINS and DISTRIBUTION 


Meneghinite occurs in certain deposits that contain a wide range 
of sulphides, and is principally found in association with the 
minerals galena, sphalerite, chalcopyrite and boulangerite. (Galena 
is the world's main industrial source of the metal lead, and 
meneghinite is one of the many other lead-bearing minerals that 
are commonly found associated with it. Boulangerite also contains 
lead, while sphalerite and chalcopyrite are two more members of 
the sulphide group.) 

Meneghinite may also sometimes occur in conjunction with rare 
sulphides such as stannite that contain the metallic element tin. 

Meneghinite is never plentiful. The best is still found around: 
Bottino and Lucca in Italy, where it was originally discovered. Other 
significant deposits are found in Marble Lake, Frontenac County, 
Ontario, Canada, at a couple of sites in Bavaria, Germany, and in 
certain limestone caves in Santa Cruz County, California, USA. - 

- small quantities of meneghinite have also been found in the 

British Isles, particularly in the Pengenna Mine at St Kew Highway 
near Bodmin, Cornwall. 


illerite 


Sometimes found in 
meteorites, millerite is 
also widely distributed 

throughout the Earth, 

but only in small quantities. 
It is rich in the metallic element nickel. 


illerite is a brassy yellow colour. It has 

a higher nickel content than any other 

mineral, but it is nevertheless regarded as 
one of the metal's minor ores because it is rare and 
cannot be exploited industrially. 


Collector's item 
Millerite is sought after by collectors, partly because 
of its great beauty and partly because of its scarcity. 
The golden crystals of millerite are very slender 
and elongated. They often form in fan-shaped tufts 
in small rock cavities. These tufts sometimes 
resemble the spines on the back of a porcupine 
or a hedgehog. 
Although millerite is the mineral with the highest 
content of the metallic element nickel, and although 
it can be found in a large number of locations, it is 


still classified as a rare mineral — deposits are never 

very abundant — and it is of little practical value. 
Nickel is mainly used in the 

preparation of industrial alloys, 

particularly stainless steel, because 


it helps to make them strong and 
resistant to corrosion and heat. The 
chief ores of nickel — that is, the 


MILLERITE 


Group: Sulphides 


Crystal system: Trigonal 


Chemical formula: NiS 
Hardness: 3-37 
Density: 5.4 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Yellow to bronze 
Streak: Greenish black 
Lustre: Metallic 


Fluorescence: None 


minerals from which the metal can be extracted on 

an industrial scale — are garnierite, pentlandite and 

pyrrhotite. Nickel is present in meteorites, and may 
comprise up to 20 per cent of their mass. 


A Needle-shaped (acicular) crystals of millerite from 
Westerwald, Germany. 


v More needle-shaped (acicular) millerite crystals 
in a geode from Glamorgan, Wales. 
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[1v] Tests p 
Millerite is a good conductor of electricity, and when RH Ses 
ES specimens of it are heated over an open flame they | Millerite is a member of the sulphide group of | 
= melt (fuse) easily. minerals, and it is most often a pure sulphide of | 
nickel, although it occasionally contains traces of | 
© Treatment copper, cobalt and iron. | 
G Hair-like crystals of millerite are easily matted and Millerite has ill-defined hexagonal crystals. They | 
vulnerable to attack by acids. Ideally, millerite generally form in needle-like (acicular) shapes and | 
specimens should not be handled at all — they should may be joined together in tufts. | 
be gripped only by the base (matrix), if there is Millerite is typically brassy yellow in colour 


one. However, if handling is 
unavoidable, it should be done 
with great care to avoid damage. 
Millerite can be cleaned with 
small droplets of alcohol 
from a pipette. 


with a metallic sheen (lustre), but | 
this may tarnish and become | 
grey-green after prolonged | 
exposure to air. It has a 
greenish-black streak. 
Millerite is an 
opaque and fragile 
mineral. It is not very 
hard, but it is heavy, 
weighing about 
five and a half 
times more than 
the same volume | 
of water. | 


Origin of name 
Millerite is named 
in honour of the 
distinguished British 
mineralogist W.H. 
Miller (1801—1880) 
who was the first to 
study its crystals. 


> A geode with 
millerite on quartz 
from Indiana, USA. 


v Hair-like millerite crystals from Wales. 


ORIGINS and , 
DISTRIBUTION * 


Millerite occurs with other 
nickel minerals such as 
garnierite, pentlandite and 
pyrrhotite, and sometimes 
with coal. 

It has also been found in 
meteorites that have landed 
on the surface of the Earth. 

Millerite is quite 
widespread throughout the 
world, but some particularly 
interesting deposits have 
been found at the following 
locations: with a green, 
chrome-bearing garnet at 
Orford, Ontario, Canada; 
in ores of cobalt, nickel 
and silver in the Czech 
Republic; with iron ores in 
Westphalia, Germany, and as 
fine, hair-like crystals at 
Merthyr Tydfil in Wales. 


Relative density 


As we saw in Discovery 25, the tests for the hardness of minerals and gemstones are 
not very exact, being to some extent a matter of opinion and open to interpretation. 
Relative density (or specific gravity as it is also called) is a much more accurate 
scientific measurement that helps us to identify and define substances. 


ensity can be defined as the ratio of the mass 
of a substance to its volume. But what do 
these terms mean? 


Mass 
Mass is the amount of matter in any body, regardless 
of its volume or any forces that may be acting upon it. 


There are two ways of referring to mass: 


1. The gravitational mass of a body is determined by 
conventional weighing — that is, by measuring the 
mass of the body on a balance such as a pair of scales 
against a set of standard masses; 


2. The inertial mass of a body is a measure of its 
resistance to acceleration. 


As far as scientists can tell, gravitational and inertial 
masses are equal, and according to Einstein's famous 
Theory of Relativity, the mass of a body increases as it 


gathers speed. 


Volume 

Volume is the amount of space occupied by a body or 
a liquid. It bears no relation to mass or weight — this is 
why it is impossible to estimate accurately the weight 
of a substance just by looking at it: a small lump of the 
heavy metal lead may weigh much more than a large, 
empty cardboard box. 

The density of a substance is not the same all the 
time. All forms of matter can be compressed into a 
smaller volume by increasing the pressure acting on 
them, and the reverse is also true: matter can be 
expanded by the action of other forces. This is 
especially true of gases, which increase in volume 
when heated. 

Because the volume may be variable, the 
temperature and pressure at which the density of a 
substance is measured are usually specified. 


> A hydrostatic balance. This instrument measures 
the relative density of one liquid by lowering it into 
another reference liquid, in accordance with the 
principle established by the ancient Greek 
mathematician and inventor Archimedes. 
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Relative density 

Relative density is the ratio of the density of a 
substance to the density of some other material. 

This other material is usually known as the reference 
substance. The reference substance generally employed 
by scientists for gases is hydrogen; for solids and 
liquids it is pure water at 4°C. (At this temperature, 
the density of water is exactly equal to one gram per 
cubic centimetre.) 

The relative density of a gas is sometimes known as 
its vapour density. The relative density of a solid or 
liquid is alternatively referred to as its specific gravity. 

Density is measured in grams per cubic centimetre; 
relative density is measured as a multiple of the weight 
of an equivalent volume of water at the requisite 
temperature. So, for example, if we look at the Fact 
File box for pyrite, the density entry tells us that 
pyrite weighs almost exactly five times as much as 
the equivalent volume of water. 

In ordinary conditions — at normal room 
temperature close to sea level — density and specific 
weight coincide. But that is not always the case — on 
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Relative density 


the Moon, bodies weigh 
less than they weigh on 
Earth because the lunar 
gravitational pull is only 
about one seventh of that 
of our planet. 


Atmospheric 
pressure 

Even on Earth itself 

there may be small weight 
variations caused by 
atmospheric pressure — 
your luggage may be 

less heavy in a city like 

La Paz in Bolivia which, 

at 3600m (12,000ft) above 
sea level, is the highest 
capital in the world. Up 
there, the atmosphere is 
thinner and does not push 
down as hard as it would 
at sea level. (You won't feel 
any benefit, though, 
because you will find it 
harder to breathe!) The 
density of your suitcase 
will remain unchanged 
because density is 
determined by the amount 
of material the suitcase 
contains, not by its weight. 

There are several 
reasons why it is important 
to ascertain the density of 
a mineral. First, since 
density remains more or less constant throughout 
all specimens of the same substance, it provides a 
big clue to identification. 

Second, density can be measured without 
damaging the specimen — this is another way in 
which it is superior to the Mohs Scale, tests for 
which involve scratching: if you only have a small 
quantity of a valuable mineral, you will not want to 
mark it in this way. 


Archimedes’ Principle 

Density can be worked out by dividing the mass of a 
substance by its volume. Mass can be determined by 
conventional weighing; volume can be measured by 
applying the test popularly supposed to have been 
worked out by Archimedes, the Greek mathematician 
and inventor who lived from about 287 to 212 Bc. 
Legend has it that Hiero II, king of Syracuse, ordered 
Archimedes to find out whether the royal crown was 
made of pure gold, or of gold alloyed with less 
precious silver. As Archimedes stepped into his bath 
tub, he suddenly realised that a given weight of gold 
would always displace a smaller volume of water than 


Hydraulics is a branch of 
engineering that studies 
the mechanical properties 
of liquids. Hydrostatics, a 
subdivision of hydraulics, 
has important applications 
in the study of minerals 
because it deals with 
buoyancy and flotation, 
which help us establish 
specific density. The 
photographs on this page 
show hydrostatic balances 
from different periods. 

v The oldest is this 
portable instrument, 
which was made in 1820. 

4 Y These scales date from 
the late 19th century. 

A< A modern machine 
incorporating highly 
sensitive and accurate 
electronic sensors. 


the equivalent weight of silver, because silver is less 
dense than gold. 

According to the story, Archimedes was so excited 
by his discovery that he jumped out of his bath and 
ran naked through the streets of Syracuse crying 
‘Eureka! (‘I have found it”). 

In scientific terms, Archimedes’ Principle states 
that a body immersed in a fluid is buoyed up by a 
force equal to the weight of the displaced fluid. This 
principle helps to explain not only the buoyancy of 
ships but also the rise of a helium-filled balloon and 
the apparent loss of weight of objects when they are 
submerged under water. 


Exceptions 

But density is only constant if the specimen under 
examination is completely pure. If it contains any 
impurities or inclusions, these will naturally affect 
the results of the test. 


Scientists and historians sometimes divide the development of early Man 
into three periods - Stone Age, Bronze Age and Iron Age. The Stone Age is the earliest 
of the three, and gets its name from the tools used by the humans of the period. 


he Stone Age itself is divided into three 

periods. The first and longest of these is the 

Lower Palaeolithic Period or Old Stone Age, 
and it ran from about 1.8 million to 120,000 years 
ago. The earliest Palaeolithic settlements were 
inhabited by a form of Man known as Homo erectus. 

Homo erectus (also known as Peking Man) was a 
hunter-gatherer. Among his tools were stone hand-axes 
and choppers. At some sites — notably Zhoukoudien, 
near Beijing in China — fire is known to have been 
employed. The earliest traces of Homo erectus in 
Europe are thought to be about 80,000 years old: one 
amazing find at Ambrona in Spain contained the 
remains of more than 30 elephants that had been 
killed for food and for their skins. 

The Middle Palaeolithic Period — between about 
120,000 and 50,000 years ago — saw the rise of 
Neanderthal Man. Neanderthal Man is named after 
the Neander Valley in Germany where the remains of 
this early hominid were first discovered in 1856, but 
he probably lived in many other areas as well. 
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An artist's impression of a deer hunt on the banks 
of a river at Swanscombe, England, 250,000 years ago. 
A wooden spear has brought down a fallow deer. 


Physically, Neanderthal Man had a long skull and a 
large brain — sometimes larger than the brain of 
modern Man. He also had a prominent brow ridge 
and projecting face — this is the caveman of popular 
imagination. He was short and powerfully muscled. 
His tools included finely flaked flints and some 
bonework. Neanderthal Man had developed many of 
the rituals that we associate with civilisation — there 
were burial rites, for example, and dead Neanderthals 
were interred in a crouching position. 

The closest equivalent to modern Man (Homo 
sapiens) lived in the Upper Palaeolithic Period — the 
most recent Stone Age. Homo sapiens had a higher, 
rounder skull than Homo erectus. One particularly 
important example — Cro-Magnon Man — came from 
the Dordogne in France. 


The Stone Age 


The earliest art was created about 30,000 years ago 
during the last Ice Age, but it was not discovered until 
about 1833 when a cave was opened up in Veyrier near 
the French border in Switzerland. Here were found a 
harpoon made of antler, engraved to resemble a 
budding plant, and a perforated antler baton decorated 
with an engraving which may be a bird. 

At first these were thought to be Celtic pieces from 
about 2,500 years ago — no one believed that cavemen 
could have been artists. But by the 1860s so many 
more cave and rock shelters had been uncovered that 
the truth could no longer be denied, and by 1867 
Palaeolithic art was so well established that 51 pieces 
of it were included in the Paris Universal Exhibition. 

At about the same time, other exciting 
developments were taking place elsewhere. The cave of 
Altamira, near the northern coast of Spain, was found 
in 1868 by Modesto Cubillas, a hunter, when he freed 
his dog after it had been trapped in some rocks. 

In 1876, Don Marcelino de Sautuola, a local 
landowner, visited Cubillas find and although he 
noticed some black painted signs on a wall he was 
largely unimpressed. But then he went to the Paris 
Universal Exhibition, saw the Palaeolithic art pieces on 
display there, and went back to the cave to explore. In 
November 1879, while he was searching for prehistoric 
tools on the floor of the cave, his daughter Maria 
shouted: ‘Mira, papa, bueyes!’ (Look, papa, oxen!). 
She had found drawings of a cluster of great bison on 
the ceiling. They were 15,000 years old. For 15 years 
no one believed they were genuine, because it was 
thought impossible that ancient man could have had 
such skill. But later discoveries removed any doubt. 


A Palaeolithic painting 
of a bison from a cave at 
Les Eyzies in France. Cave A 
art was the work of Cro- 
Magnon Man and began 
to emerge about 40,000 
years ago. This part of the 
Upper (Late) Palaeolithic 
Period has been 
subdivided into a series 
of phases named after 
various sites in France 
where important finds 
were made. 


These two hand 
axes from the 
Hoxnian Interglacial 
Period have been 
scientifically dated to 
about 250,000 years ago. 


In 1895, a previously unknown gallery in a cave at La 
Mouthe, Dordogne, France was excavated. There an 
engraving of a bison was found on a wall; from the 
Palaeolithic deposits in the blocked entrance to the 
cave it was clear it was ancient work. Later the first 
Palaeolithic lamp was found, together with paintings 
and more engravings, including one of an ibex. 

La Mouthe was a double breakthrough. First, 
scientists were able to date the paintings conclusively. 
Second, they had found an authentic Palaeolithic oil 
lamp. Until then, those who did not believe that cave 
art was genuine had said that prehistoric man would 
not have been able to see what he was doing in the 
darkness without flaming torches, and if he had had 
such a lighting system there would have been evidence 
of soot on the roof of the caves. But from the La 
Mouthe find it was learned that the animal fat used 
would give off virtually no soot at all! 

Later discoveries were made further afield in every 
continent of the world. We now know that early paint 
was made from soft, coloured minerals that were EJ 
ground into a powder between a bone and a stone, and 
then mixed with animal fat. When the paint was not 
being used, it was stored in hollow bones with lumps 
of fat in the ends to keep the air out. 
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Australia broke off from 
the huge prehistoric 
land mass called 
Gondwanaland (see The 
Story of the Earth 5) 
about 160 million years 
ago to form what is 
now the world's sixth 
largest country and the 
smallest continent. 
Australia has great 
mineral deposits both 
on the land and in the 
seas that surround it. 
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mong the most striking features of Australia's 
po geography are that it has more desert 

proportionately than any other continent, and 
that its coast is unusually smooth for such a huge 
country. This lack of indentation along its coast is 
extraordinary — apart from the Gulf of Carpentaria in 
the north and the Great Australian Bight in the south, 
there are very few major inlets along a 12,000-mile 
coastline. Inland, Australia lacks major relief features — 
there are no really big rivers and the mountains are low 
by continental standards. Australia is primarily a flat, 
low-lying plateau, and about 95 per cent of its land 
mass stands less than 600m above sea level. The 
highest Australian peak — Mount Kosciusko, in the 
Australian Alps, is only 2,228m high, less than half the 
height of Europes Mont Blanc. 

The continent of Australia can be divided into 

three physical regions — the Western Plateau, the 
Eastern Highlands and the Great Artesian Basin. 


Y Flinders Island 


The Western Plateau 

The Western Plateau — which is roughly but not 
exactly coextensive with the state of Western Australia 
— principally comprises outcrops of Pre-Cambrian Age 
rocks that originally formed between 3,000 million 
and 570 million years ago. 

From time to time in the course of geological 
history, parts of the Western Plateau were either 
submerged by shelf seas or else they sagged and formed 
troughs. These troughs filled up with sediment, and 
the resulting deposits found in the Canning Basin in 
northwest Australia have been shown to be between 
600 and 250 million years old. The Eucla Basin, part 
of the Nullarbor Plain on the south coast of Western 
Australia, contains limestone rock deposits which are 
less than 70 million years old. 

The Eastern Highlands are approximately 500km 
wide and form Australia’s Great Dividing Range. These 
uplands contain thick sedimentation which began to 
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form in a trough 
between 600 and 500 
million years ago. When 
this trough was 
compressed — as has 
happened twice in 
geological history — 
mountains were formed 
and volcanic chains 
erupted. Even though 
volcanic activity persisted 
in Australia until less than 
a million years ago, there 
are no volcanoes there 
now, and most of the 
peaks that were volcanic 
have lost their distinctive 
cone shapes and have 
eroded beyond 


recognition. 


Great Artesian Basin 
Between the Western 
Plateau and the Eastern 
Highlands lie three 
interior basins — the 
Carpentaria Basin, the 
Eyre Basin and the Murray 
Basin. These are known 
collectively as the Great 
Artesian Basin. Most of 
this region is less than 
300m high. In the north, 
the greater part of the 
Carpentaria Basin lies 
submerged in the Gulf of 
Carpentaria itself. The 
Eyre Basin contains Lake 
Eyre, the shore of which, 
at 15m below sea level, is 
Australia’s lowest point. 


Mineral wealth 

The other major physical feature of Australia lies in the 
sea off the tropical coast of Queensland. The Great 
Barrier Reef, the world’s largest coral reef, is over 
2,000km long and is clearly visible from space. Pearls 
are farmed here. 

Petroleum, which was first found in Queensland in 
1964, now comes mainly from the continental shelf 
off northwest Australia and from the Bass Strait 
between the mainland and Tasmania. There, on the 
beaches and in the waters surrounding Flinders Island, 
are plentiful supplies of precious white topaz. 

Australia also has significant mineral resources 
on land. Minerals in plentiful supply are bauxite, 
copper, ilmenite, rutile, silver and zircon. 

Gold is mined at Kalgoorlie, sapphires are found in 
the north of the Great Dividing Range, and Australian 


< Limestone pillars in the 
Pinnacles Desert 250km 
north of Perth in Western 
Australia. Some of these 
pillars - which have been 
caused mainly by wind 
erosion of the rock that 
originally surrounded 
them - are as much as 

5 metres in height. 


< A boulder or nodular 
opal set in a sandstone 
base from Queensland. 
Black opals are found at 
Lightning Ridge, New 
South Wales; fine white 
Opals come from Coober 
Pedy and Andamooker, 
South Australia. 


fire opals come from 
inland fields in the 
southeast of the country. 
Australia has the finest 
opals in the world, and 
one of the best places to 
see them being mined 
is at Coober Pedy in 
South Australia. Part of 
the fascination of this 
mining town is that 
because of the extremely 
hot climate — 50°C in 
high summer is quite 
common — most of the 
residential buildings and 
utilities there have been built underground. 

The Kakadu region east of Darwin in the extreme 
north contains nearly 10 per cent of the world’s known 
high-grade uranium ore. The Australian government 
does not permit more than three uranium mines‘to be 
worked at any one time, and Ranger is the only 
Kakadu mine currently in operation. In South 
Australia two other mines are operating: the Olympic 
Dam copper and uranium mine at Roxby Downs and 
the Beverley mine some 500km north of Adelaide. 

Broken Hill in the outback of New South Wales 
boasts some of the world’s greatest veins (lodes) of 
lead, platinum, silver and zinc. There are four working 
mines at Broken Hill, and tourists can visit some of 
the old, disused workings. 

Since it began diamond mining in the 1970s, 
Australia has overtaken South Africa as the world’s 
leading producer. 
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Chalcedony occurs in many different 
forms, each with a different name. 


It is used in jewellery and in 
the manufacture of crockery 
and ornaments. 


halcedony is a variety of the mineral quartz 
that comes in many different varieties and 
colours. Chalcedony is mainly used in the 


C 


manufacture of crockery, cutlery, paper-cutters, trinket 


boxes and ashtrays. Some varieties are fine enough to 
be considered semi-precious gemstones. Each form of 
this lovely mineral has its own special name. 


Varieties of chalcedony 
The pure form of chalcedony can be milky or 
opaline, white, pale grey-blue or brown in colour. 
Chalcedony that is red to reddish-brown is called 
carnelian. Brown chalcedony is known as sard. 
Bloodstone is green with red spots. Jasper is usually 
opaque and red, although yellow, brown, blue and 
green jaspers also exist. Moss agate is translucent 
and milky white with green, brown or black moss- 
like impurities inside it. Chrysoprase — the most 
valuable form of chalcedony — is green. Onyx is a 
form of agate that has straight, parallel bands 
running across it. Onyx is often used in the 
manufacture of cameo brooches. 

Quartz, in all its various forms, is one of the most 
widespread minerals. It is made up of silicon and 
oxygen, the two most abundant chemical elements on 


FACT FILE 


CHALCEDONY 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: Si0; 
Hardness: 7 

Density: 2.65 

Cleavage: Absent 
Fracture: Conchoidal 
Colour: Variable 

Streak: White 

Lustre: Vitreous to waxy 
Fluorescence: Absent 


A Part of a chalcedony-filled geode from Austria. 


Earth — silicon constitutes 27.7 per cent of the weight 
of the Earth's crust. Chalcedony is the name given to 
some quartz varieties. The word chalcedony itself 
derives from the ancient port of Khalkedon in Asia 
Minor (present-day Turkey) where some of the first 
deposits of the mineral were discovered. 

The different varieties of chalcedony are created by 
the presence of a number of chemicals. The impurities 
that give moss agate and mocha stone their distinctive 
mossy inclusions are manganese oxide. Chrysoprase 
gets its green coloration from the metallic nickel that 


is present inside it. Plasma — which, like chrysoprase, 
is also green — is coloured by chlorite. Jasper is usually 
coloured by iron oxide. 


Semi-precious mineral - 


A A milky agate 


Similar gems 
Some jades and serpentines resemble the green 
chrysoprase, but they are much softer than the real 
thing. Carnelian, chrysoprase and onyx are often 
imitated using coloured or banded glass. 

The mineral with which chalcedony is most likely 
to be confused is opal, but opal is a hardened gel, not a 
crystal, and it has a lower specific gravity and hardness 
than chalcedony. 


Cameos and intaglios 

The many different forms of chacedony are often used 
to make beautiful cameos and intaglios. Cameos are 
brooches with carved shapes that stick out in relief 
above the surface of the material, while intaglios have 
sunken decorative designs. 


A An example of chalcedony from Brazil. Note the 
distinct white and reddish-orange bands. 


<A section of a nodule of agate from Bolzano, Italy. 


CHARACTERISTICS 


Like every form of quartz, chalcedony is made of the 
chemical compound silicon dioxide. It appears as 
microscopic fibrous crystals that tend to be set 
parallel to one another and are closely mixed 
up with hydrated silica or tiny grains of the 
mineral quartz. 

Chalcedony crystals are shaped like irregular 
hexagons. Although the thinnest examples are 
translucent, thicker crystals tend to be opaque 
with a glassy or waxy sheen on their surfaces. 

Chalcedony is quite a hard mineral and rates 7 
on the Mohs Scale of hardness. It can scratch 

glass, steel and most other common substances 
quite easily, but can itself be scratched by topaz. It is 
porous, so it must be kept away from fats and acids 
that may eat their way into it and alter the external 
colour. Some varieties of chalcedony may change 
colour when gently heated or left in sunlight. 


ORIGINS and DISTRIBUTION (€ 45 


Chalcedony occurs in geodes - the cavities in some 
forms of rock, especially volcanic lavas. Much of it 
originally developed from silica-rich solutions that 
solidified at low temperatures. 

Chalcedony can also substitute itself for silica, or 
organic substances like wood, bone, shell or coral. 
When opal loses the water molecules that are 
normally attached to it, it turns into chalcedony. Thus 
scientists say that chalcedony is a dehydration 
product of opal. 

Famous ancient deposits of chalcedony were 
found in Bombay, India; Tuscany, Italy; and Turkey. 
Chalcedony exists in some form almost everywhere, 
but the main modern producers of this beautiful 
mineral are Brazil and Uruguay. 


onazite is a yellow to reddish brown mineral 

that contains three metals, which belong to 

a group known as the rare earth elements, 
and may also contain thorium. 


Industrial uses 


When it was first discovered, at the beginning of the 
19th century, monazite was classified as a rare mineral 
— indeed, its name comes from the Greek meaning ‘to 
be solitary’. But before long scientists realised that the 
huge loads of heavy black sand ballast that were 
regularly shipped from Brazil to India contained rich 
concentrations of the mineral. As a result, monazite is 
now recognised as an abundant mineral. 

There are in fact three distinct forms of monazite, 
each of which is referred to by placing the symbol of 
the main element it contains in brackets after 
its name. These metallic elements 
belong to a group known as 


the rare earth elements, 


which have atomic numbers 


from 57 to 71. 


Monazite is an important 
industrial mineral. It 

can contain thorium, 
which is used in nuclear reactors. 


One of these 
varieties, monazite (Ce), 
mainly contains cerium. 
Cerium is used to make 
an alloy that is widely 
employed in flints for 
cigarette lighters. 

Monazite (Ce) also 
contains thorium, a 
radioactive element that 
could be used as a 
nuclear fuel in breeder 
reactors. Thorium 
dioxide is used on gas 
mantles and in furnace 


linings. It was first discovered in 1829 by the Swedish 
chemist J.J. Berzelius (1779-1848). 


A A prismatic monazite crystal from Brazil. 


v Monazite crystals that have grown together 
to give the effect known as twinning. This 
fine specimen comes from Buenopolis in the 
Minas Gerais state of Brazil. 
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Industrial mineral 


MONAZITE 


Group: Phosphates 


Crystal system: Monoclinic 
Chemical formula: (Ce,La,Nd,Th)PO, 
Hardness: 5-57 

Density: 4.6-5.4 

Cleavage: Distinct 


Fracture: Conchoidal to uneven 


Colour: Reddish brown, yellowish brown 
Streak: White 

Lustre: Resinous to vitreous 
Fluorescence: None 


A A single monazite crystal typical of 
those obtained from mines in 
northern Norway. 


Monazite (La) is the form of monazite that handled. Together with other radioactive minerals, 
contains a greater percentage of lanthanum than of monazite crystals often undergo a process called 
cerium and neodymium. The rare earth metallic metamictation. This means that the radiation given 
element lanthanum is used in the manufacture of off by the mineral destroys the internal crystal 
special glass and 'flints for cigarette lighters. lattice, although the crystal looks just the same on 

In monazite (Nd), neodymium is the main metal. the outside. 

This is another rare earth element, and it forms part Monazite is sometimes used for radiometric 
of alloys used for making glass, glazes and cigarette dating. This method of working out the age of a 
lighter ‘flints’. rock specimen relies on the fact that a radioactive 


It must be stressed that monazite is a radioactive element breaks down into a ‘daughter’ element at a 
mineral. As such it is dangerous, and should not be constant rate. 


A Another group of prismatic monazite crystals from the 
Minais Gerais state in Brazil. As in this specimen, monazite 
crystals are often twinned. 


ORIGINS and DISTRIBUTION 


Monazite is found in the intrusive igneous rocks granite and 
pegmatite, and in some metamorphic rocks, such as gneiss, which 
have been formed by heat and pressure deep within the Earth's crust. 
The richest sources of monazite are placer deposits - accumulations of 
sand in rivers and on beaches. Small grains of dense minerals often 
occur in such deposits. Most industrial supplies of monazite come 
from placers, but the largest crystals are found in pegmatites. 

Placer deposits of monazite occur in Brazil, Sri Lanka, India, 
Australia, Malaysia, Nigeria and the USA, while Norway, Italy, Austria 
and the USA provide fine crystals. 


which belong to the monoclinic system, are prismatic and usually form 
in table-top shapes with grooved (striated) faces. 

When it does not appear in crystal form, monazite occurs either as 
tiny grains or as shapeless specimens. 

Monazite is a transparent to translucent mineral. Its sheen (lustre) is 
variable: it may be waxy, resinous or glassy (vitreous). Monazite is a | 
moderately hard mineral, scoring 5-5% on the Mohs Scale. Its density of 
4.6-5.4 is above average. 

Monazite has a conchoidal to uneven fracture. 


Jamesonite 


Jamesonite often occurs in 
beautiful crystals. Although 
it has no commercial uses, 
it is nevertheless sought-after 
by mineral collectors. 
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JAMESONITE 


Group: Sulphides 

Crystal system: Monoclinic 
Chemical formula: Pb,FeSb;S;, 
Hardness: 2/ 

Density: 5.63—5.67 

Cleavage: Good 


Fracture: Uneven to conchoidal 


Colour: Grey-black 


Streak: Grey-black 
Lustre: Metallic 


Fluorescence: None 


amesonite is a dark grey mineral that 
may take the form of attractive 
crystals. It is sometimes known as 
'grey antimony , after one of the 
elements it contains. 


Slender crystals 
The main constituents of jamesonite 

are the metallic elements lead, iron and 
antimony, although some specimens may 
also contain small quantities of copper 
and zinc. 

Jamesonite occurs in very fine, hair- 
like crystals that sometimes form a matted 
fabric reminiscent of felt. The mineral is 
often hard to distinguish from other lead- 
bearing minerals such as boulangerite 
and zinckenite. 

Jamesonite is normally opaque, 
but when tarnished some specimens 
may appear to shimmer with rainbow 
colours. 

Jamesonite is named after the Scottish 
geologist Robert Jameson (1772-1854), 
who was professor of natural history at 
Edinburgh University, and whose lectures 
introduced the young Charles Darwin to 
the study of geology. 


< Long, lead-grey crystals 
of jamesonite. 
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Commonplace mineral | 


MINERALS 


A Needle-shaped (acicular) crystals of jamesonite from 
Zacatecas State in Mexico. 


Y A completely different form of jamesonite, this time 
tiny prismatic crystals. 


CHARACTERISTICS 


Jamesonite is a member of the large sulphides 
group of minerals. It is a sulpho-salt of antimony, iron 
and lead that may also contain small quantities of 
copper and zinc. 

Jamesonite crystals belong to the monoclinic 
system. They may be very long - sometimes over 
40cm - and are generally needle shaped (acicular) 
or fibrous in appearance, with grooves (striations) 
running from top to bottom along the length of the 
crystal faces. Sometimes jamesonite appears almost 
feathery or forms compact, felt-like masses. 

Jamesonite crystals will break off easily along 
their length, and they are thus said to have good 
cleavage. Unfortunately, because the individual 
jamesonite crystals are usually so small and 
slender, this effect is often difficult to see with 
the naked eye. 

When it is struck with a sharp instrument, 
jamesonite will either break off unevenly or else 
Will leave a pattern similar to that visible on the 
inside of a seashell (that is, it has uneven to 
conchoidal fracture). 

Jamesonite is a fragile mineral. It is quite heavy, 
weighing up to nearly six times as much as the 
equivalent volume of water. It is also quite soft, 
scoring only 27 on the Mohs Scale. 

Jamesonite has a grey-black colour and it is usually 
opaque, although when tarnished, specimens may 
shimmer with the colours of the spectrum (that is, 
they show iridescence). 
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ORIGINS and DISTRIBUTION 


Jamesonite forms in many parts of the Earth 

where millions of years ago hot, chemically rich 
fluids seeped into joints and fault lines - the scientific 
name for these joints and fault lines when they 
contain minerals is hydrothermal veins. 

In these hydrothermal veins, jamesonite is often 
associated with the minerals antimonite, calcite, 
dolomite, galena, pyrite, quartz, rhodocrosite, 
siderite, sphalerite and stibnite. Less frequently, 
jamesonite may occur with the native elements 
antimony, lead, silver or zinc. 

Where these elements and minerals occur in 
sufficient quantities to make their extraction 
commercially worthwhile, jamesonite may be 
brought to the surface along with them, and this is 
how most collectors' items originated. 

Jamesonite is found in Spain, Germany, Argentina, 
Bolivia, China, Italy, Kosovo (former Yugoslavia), 
Mexico, Romania and in the antimony mines of 
Arkansas and South Dakota, USA. 

Jamesonite is also found in the British Isles, in and 
around mines at Endellion in Cornwall. 


a 


the tourmaline group. 


ndicolite is usually azure or deep blue, although it 

may sometimes have discernible green tones, too. 

It has a vitreous lustre and is 
very rare. Indicolite is highly 
prized as a gemstone both by 
collectors and by those who 
wear it as decorative jewellery. 


Colour 

The beautiful blue colour 

of indicolite is caused by the 
presence of iron and manganese. 
Minerals and gemstones of the 
tourmaline group can contain a 
wide range of different metals — 
among them iron, sodium, 
aluminium, manganese, lithium 
and magnesium — and their 
proportions may vary. 

Like achroite and rubellite, 
indicolite is a variety of elbaite, > A fine transparent 
a member of the tourmaline blue specimen 
group that can take on many of indicolite. 
different colours. 


A A prismatic crystal 


Electricity of indicolite on a 
Indicolite shares with all other base (matrix) from 
tourmalines the ability to develop Minas Gerais state 
electrical charges when it is in Brazil. 


subjected to mechanical stress, as 

for example when it is pressed or squeezed. This is 
a phenomenon known as piezoelectricity. All the 
piezoelectric minerals — another example is quartz — 
charge positively from one end of their crystals and 
negatively from the other. 

Another interesting characteristic of all the 
piezoelectric minerals is that the opposite effect also 
occurs: that is, when they are subjected to an electrical 
charge, they display mechanical stress. 

Although industrial-grade tourmalines are used 
in the manufacture of instruments that measure 
differences in pressure (manometers), indicolite 
crystals are not used for this purpose because they are 
much more valuable as decorative gemstones. 


Indicolite is one of the rarest 
and most valuable members of 


CHARACTERISTICS 


Chemically, indicolite is the same as all other 
tourmalines - it is a member of the silicate group 

of minerals, and because its very complex make-up 
always includes the element boron, it is known as a 
boro-silicate. Despite all the possible variations that 
tourmaline may show, it always contains aluminium. 
In addition, indicolite is rich in lithium. 

Indicolite is one of the hardest varieties of 
tourmaline, scoring 7-74 on the Mohs Scale. Its 
crystals are prismatic and have a bright, glassy sheen 
(vitreous lustre). They are often hexagonal in shape. 
The largest indicolite crystals may be as much as 
10cm long and grooved (striated) along their length. 

Some indicolites show a light effect (called 
chatoyance) that resembles the narrowed, vertical 
pupil of a cat's eye - these are particularly prized in 
jewellery and other forms of ornamentation. 

Indicolite cannot be melted in an open flame (that 
is, it is infusible). 
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Precious stone 


A An indicolite 
gemstone from 
Mozambique that 
has been cut in a 
stepped rectangle 
with bevelled 
edges. 


> Two elongated, 
prismatic, 
gem-quality 
crystals of rich 
blue indicolite. 


4 A Four cut 
indicolite 
gemstones 
from Brazil. 


can highlight the spectacular cat's eye effect shown by 
some indicolite gemstone specimens. 


History 
The Romans used indicolite particularly in carved 
brooches that often bore the images of animals — and a 


believed it to have strange occult powers. But the 
C . 8 . . . 
gemstone was effectively re-discovered in Europe in 


The cut 


Indicolites show different colours depending on 

the angle from which they are viewed — they most 
commonly show blue in one direction, while 
appearing greenish in the other. This phenomenon is 
called pleochroism. Craftsmen who cut gem-quality 
indicolite always pay special attention to bringing out 
this beautiful effect to the best advantage. 

In fact, indicolite can be cut in many different 
styles, depending on the taste of the owner. The most 
popular are the rectangle, the oval and the round cuts, 
but the cabochon is the cut that is always used when it 


FACT FILE 


INDICOLITE 


Group: Silicates 


Crystal system: Trigonal 

Chemical formula: Na(Li, AI); Al; (B0;),Sig0;4( OH); 
Hardness: 7-77 

Density: 3.03-3.1 

Cleavage: Very indistinct 


Fracture: Conchoidal to uneven 


Colour: Blue, sometimes greenish blue 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


1703 when the Dutch imported some of the 
specimens they had acquired in Sri Lanka, which 
lay on their trading route to the Far East. 


ORIGINS and DISTRIBUTION | 


Like all varieties of tourmaline, indicolite is 

found in granites and pegmatites that formed 

as magma cooled deep in the Earth's crust millions 
of years ago. Elsewhere, it occurs in rocks whose 
composition has been changed through heat and 
pressure (metamorphic rocks), and in some alluvial 
deposits, where its hardness prevents it from being 
worn down into dust by the action of water. 

The best specimens of indicolite come from 
the mines of Minas Gerais in Brazil, and beautiful 
gem-quality crystals weighing up to 1.5kg have 
been found near Virgem da Lapa in that state. 
Indicolite also occurs in Burma, India, Italy, 
Madagascar, Kenya, Namibia, Russia, Sri Lanka, 
Tanzania and the USA. 

Burmese indicolite is found in alluvial deposits in 
the north of the country around the Irrawaddy River. 
Italy has many fine examples of indicolite and nearly 
all the other forms of tourmaline, particularly on the 
Isle of Elba, from which the elbaite variety of the 
mineral gets its name. 
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One of the most interesting properties of certain minerals such as tourmaline and 
quartz is their capacity to give off electrical charges when subjected to various 


physical forces. There are two main forms of electrical charge generated in this way: 


one is known as pyroelectricity, while the other is called piezoelectricity. 


Pyroelectricity 
Tourmaline crystals are prime example of minerals 
that become electrically charged when they are 
subjected to changes in temperature — the scientific 
name for this charge is pyroelectricity (pyr being the 
Greek word for fire). 

This electricity gives rise to several effects. One 
is that specimens of tourmaline displayed in shop 
windows will often attract dust from the air when 
they are heated by sunshine or artificial lighting. In a 
mineralogical collection, tourmalines quickly become 
covered with what may seem like an inordinate 
amount of dirt, and require more cleaning that the 
other minerals and gemstones on show, even though 
they are all displayed in the same way. 

These things happen because dirt and dust are 
attracted by the electrical polarities (positive and 
negative) that are created within the crystals when 
they are subjected to even the most minor changes in 
temperature. We can see the effect quite clearly in the 
following experiment. 

If a tourmaline crystal is first heated and then 
dusted with a mixture that is half yellow sulphur and 
half red lead, the sulphur particles will be attracted to 
the end of the crystal that is positively charged while 
the particles of the red lead will be attracted to the end 
with the negative charge. The red and yellow will thus 
separate and move to opposite ends of the tourmaline 
with a striking visual effect. Among the other minerals 
that display pyroelectricity 
are hemimorphite and 
scawtite. 


Piezoelectricity 
Quartz crystals sometimes 
show piezoelectricity. The 
prefix piezo- comes from 
the Greek word piezein 
meaning 'to press and 
piezoelectricity develops 
when crystals are squeezed 
or hit. Quartz becomes 
electrified by compression 
over a long period. 

If a piece of quartz is 
subjected to electrical 


force fields, it will be 
compressed or dilated. If 
the force fields vibrate, as 
many of them do, the 
quartz will vibrate at the 
same frequency as the 
fields. That is why quartz 
is very valuable in the 
construction of accurate 


The photographs on this 
page show both the 
naturally occurring and 
the man-made forms of 
quartz. Synthetic quartz 
has a wide range of uses 
in industry, and so it is 
mass produced on a very 
large scale. 


4 Synthetic blue quartz. 
The colourless centre 
of this piece is clearly 
visible here. 


v The amethyst variety 
of quartz. This specimen 
comes from Mexico. 
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Minerals and electr 


watches and ultrasound generators. (Ultrasound is 
sound with vibrations too rapid to be audible. It is 
used in medicine to scan internal bodily structures, 
and especially in antenatal care to check the 
development of unborn babies.) 

The importance of quartz in electronics was shown 
clearly during World War Two, when European 
countries on both sides of the conflict stockpiled 
so much Brazilian quartz that a surplus was created, 
and the mineral went on being readily and cheaply 
available for many years after the end of the fighting. 


Twinned crystals 
Not all naturally occurring quartz crystals are suitable 
for use in electronics. This is sometimes because of 
natural defects. These may take the form of inclusions 
— foreign particles that have become part of the body 
of the quartz and weaken its structure. Other quartz 
crystals may be imperfect because they are deformed in 
some way — they may have cracked or buckled in the 
earth. And then again, sometimes what may appear at 
first sight to be a single quartz crystal may in fact be 
two or more crystals that have grown into one another 
— the scientific term for this is ‘twinning’. Such crystals 
can be used neither in industry nor for ornamentation 
because even skilled gem cutters find it almost 
impossible to work out the direction in which they 
should be cut. 

It is for these reasons that synthetic quartz has 
become such a commercial success. Synthetic quartz 
is a man-made substitute that is ‘grown’ artificially 
along predetermined lines for industrial purposes. 
Nowadays, ‘grown’ quartz is often better and invariably 
cheaper than the real thing. 


The photographs on this page show two of 
the best known pyroelectric minerals. 


4 Crystals of pink tourmaline 


> Blue hemimorphite 


Quartz clocks and watches 

Quartz clocks and watches are based on piezoelectric 
crystals of quartz. Each quartz crystal has a natural 
vibration frequency all its own, and this is determined 
by its size and shape. 

If a piezoelectric quartz crystal is introduced 
into an electronic circuit that moves up and down 
(oscillates) at a frequency very close to that of the 
crystal, the whole circuit — including the crystal — 
will oscillate in harmony and the frequency will 
thus remain constant for a long period. A good 
piezoelectric quartz crystal will keep time accurately 
for a year to within one tenth of a second. 

In quartz clocks and watches, the alternating 
electrical current that comes from the oscillating 
circuit is amplified and then subdivided until it is 
small enough to drive a motor. The motor in turn 
drives a gear train that operates the hands of an 
analogue timepiece or a digital display. 


Crystal pick-ups 

Piezoelectric crystals used to be widely used in the 
pick-ups of record players. The mechanical vibrations 
that were created as the needle passed over the record 
groove were transmitted to the crystal which produced 
an electric field with the same frequency as that of the 
sound. This signal was then amplified and fed to. the 
loudspeakers. 


Crystal microphones 

In crystal microphones, sound waves fall onto a plate, 
and the different pressures created by the various 
sounds are converted into electric fields. Crystal 
microphones are seldom used nowadays. 
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Putting vour 
collection in order 


How to make the most of the space available for your collection. 


ou will have discovered by now that the main 

problem with any mineral collection is the 

amount of room it takes up. Here are a few tips 
to help prevent it taking over your living space. 


Swaps 

Before very long you will find that your collection 
contains ‘overs’ — duplicates, inferior pieces, and 
unidentified specimens. It is important to subdivide 
these into two groups. The first group should contain 
the specimens you plan to swap, sell or dispose of in 
some other way, and the other group should comprise 
those that will form a part of your collection when 
identified and labelled. Obviously, only the specimens 
in the collection proper need to be displayed — the 
swaps, inferior specimens and mystery items can all be 
put away, ideally in a cupboard devoted exclusively to 
them. It is not a good idea to keep them with other 


possessions such as book or clothes, because minerals 
and gemstones attract dust and dirt. 

Ideally, you will have a whole chest of drawers 
devoted to your mineral collection — displays can be 
spread out on top in their cases, while the other 
material can fill the drawers underneath. 

As an alternative to individual display cases, you 
may like to mount some of your best specimens, 
attaching them to plinths with some form of 
removable adhesive putty (see photographs on next 
page). The only problem with keeping your minerals 
uncovered like this is that they will need regular 


dusting, so avoid displaying fragile crystals in this way. 


v In this display, notes on each mineral have been 
folded up and placed in the bottom of the trays. The 
only problem with this method of labelling is that you 
need to remove the specimen to read the information. 
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Putting your collection in order 


2. Vanadinite's 
lovely red crystals 


1. Quartz crystals 
are ideal for open 


display. are quite soft properties as 
(Mohs Scale 3), but colourless quartz. Its 
resilient enough to hardness makes it 
withstand all but suitable for open 
the roughest display. 
handling. 
T, 


3. Citrine quartz has 
the same physical 


4. Pyrite - also 
known as ‘fool's 
gold’ - is one of 
the most striking 
of all minerals in 
appearance. 


5. Malachite's lovely 
green colour makes 
it an eye-catching 
feature of any 
display. 


The photographs above show various minerals mounted on plinths of removable adhesive putty. This is an 
attractive alternative to trays and cases, but this form of display will inevitably gather dust, and therefore only 
robust specimens that can be cleaned without damage should be shown in this way. 


It is a good idea to have a double system of logging 
and cross-referencing all the minerals and gemstones in 
your collection, not just the ones on display. To do 
this, you should make sure first that the boxes 
containing the specimens are labelled accurately, and 
second that there is a master log book kept separately. 


The log book 
In the log book you can record chronologically each 
specimen as it is collected. The log book can also 
contain a more detailed account of the origin of each 
specimen than is possible on the small labels on the 
boxes themselves, and you can note queries and any 
interesting points you want to keep a record of. 

Duplicate specimens can be stored in old shoe 
boxes and kept out of the way in an attic or cellar, 
because you will not need access to duplicates as often 
as to specimens in your main collection. 

Unidentified specimens should be stored separately 
from both duplicates and the main collection. They are 


the mineral collectors ‘in tray’, to be looked at in more 
detail when time and financial resources permit. Some 
mineralogists regard these unidentified specimens as a 
bit of a thorn in their flesh, but it is very often from 
these mystery objects that some of the most interesting 
and exciting discoveries are made. 

You may need to send unidentified specimens 
to an expert for evaluation. If you do this, keep a 
copy of all the correspondence. The more 
documentation you keep about the origin and 
history of the pieces in your collection, the more 
valuable your collection will become. 

Above all, you should keep an index of your 
specimens. This can take the form of a card index, or if 
you have a personal computer, you can keep all your 
records on that. 


4 Gemstones displayed in two elegant trays. 


«4 An antique, portable wooden box for mineral 
specimens. 


opper was one of the first metals to be put to 

practical use, and the era when Man learned 

what he could do with this versatile metal 
heralded the end of the Stone Age and paved the way 
for the Bronze Age. Copper is one of the few metallic 
elements to be found on its own in nature (‘in the free 
state’). It was first mined by Man around 5500 Bc, and 
it is thought that the copper was extracted by applying 
fire and water alternately to break up the metal- 
bearing rock. 

The time between the discovery of copper and the 
discovery of bronze is an important transitional period 
between the Stone Age and the Bronze Age. This 
intermediate period is known as the Chalcolithic Age 
(‘chalcolithic’ comes from the Greek words for copper 
and stone), and lasted from about 5500 to 3500 Bc. 

The first copper craftsmen did nothing more 
ambitious than hammer the cold metal into rough 
shapes to form the most rudimentary tools and 
weapons. This, however, was a great landmark in 
human development — the first metallurgical work. 

By the end of the Chalcolithic Age, Man had 
discovered that if copper is heated until it melts, 
and then mixed with molten tin, it produces a 
combination of metals (an ‘alloy’) that is stronger than 
either of its components alone. If the liquid is then 
poured into moulds and left to cool and resolidify, it 


eM » Noone knows exactly when copper was t: 
«c first discovered or used, but it was probably _ 


A wheeled model of a horse drawing a disc of the sun 
or the moon in bronze and gold leaf. This beautiful work 
of Bronze Age art was recovered intact from Trundholm 
Bog in Denmark. 


can be made into a whole range of artefacts, tools and 
weapons. This alloy is called bronze, and the earliest 
examples contain 90 per cent copper and 10 per cent 
tin. This discovery marked the beginning of the 
Bronze Age. 


One of the problems with dating the Bronze Age is 
that different settlements first used copper at different 
times. In the Balkans and the Middle East, the first 
traces discovered by archaeologists are about 7,000 
years old; the people of Iberia (present-day Spain and 
Portugal) seem to have used copper for the first time 
about a thousand years later. Because people in 
different areas of the world developed these techniques 
at different times, the term “Bronze Age’ can only be 
used to refer to a stage of general development. 

By the end of the Chalcolithic Age Man had 
advanced a long way: not only could he now extract 
copper that had previously remained hidden away in 
rocks, but the range of uses — both practical and 
artistic — to which he was able to put bronze had 
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The Bronze Age 


Bronze axe and 
spearhead from Tell 
Kashkahuk in Syria. These 
weapons are about 5,000 
years old. 


Archaeologists are 
unsure who is depicted 
in this bronze and gold 
statuette. It may be either 
the god Baal or the 
weather god Kesheph. 
It was found in the 
ancient city of Ugarit in 
present-day Syria and 
dates from about 1400 
to 1200 BC. 


expanded enormously. The smelting and casting 
practised in this era refute any notion that Bronze Age 
people were primitive. 


The use of copper and bronze was fast becoming 
widespread, and civilisation had well and truly begun — 
the ancient city of Troy in Anatolia (present-day 
Turkey), for example, is now known to have been fully 
developed by the height of the Bronze Age. 

Bronze casting was well established in the Middle 
East by 3500 Bc, and by 2000 Bc in Europe it had 
become highly specialised. In South America, bronze is 
known to have been used before 1000 Bc in the area 
that is now known as northern Argentina. 

Although the very earliest Bronze Age pieces were 
tools, copper and bronze became primarily symbols of 
the power and social status of their owners. That is 
why these metals, together with gold jewellery, were 
placed in burial mounds and in offerings to the gods. 


Bronze weapons and armour have been found in 
graves in central Europe and in Mycenean shaft graves. 
At the height of the Bronze Age, the production 

and distribution of certain materials — especially 
copper and salt — were carried out on a large scale. 
Industry and trade — two reliable indicators of a 
civilised society — had begun in earnest. There were 
substantial salt mines at Hallstatt in the Austrian Alps, 
while the organisation and technology of the deep 
Mitterburg copper mines in Austria are comparable to 
later medieval operations. 

By the late Bronze Age, copper and tin were no 
longer the only metals used for day-to-day tools, laying 
the foundations of the Iron Age. Late Bronze Age 
societies in Greece and Crete made contact with 
advanced literate societies in the Middle East — 
including the Hittites and the Egyptians. As soon as 
literacy was acquired, Mankind was entering the 
period of recorded history, heralding the dawn of 
the modern era. 
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| MINERALS 


Fluorite 


Fluorite has a wide range 
of industrial uses in iron 
smelting, ceramics and in 
optical glasses. It is also a 
major source of fluorine. In 
addition, some of the finest crystalline 
specimens of this versatile mineral are 
used as gemstones. 


old name, fluorspar — is very variable in colour. It 

is most often blue, green, purple or yellow, but 
may sometimes be black, pink, red or altogether 
colourless. In addition, individual specimens may be 
banded or ‘colour-zoned’. The name comes from the 
Latin fluere, meaning ‘to flow’: this is principally a 
reference to the mineral’s low melting point. Fluorite 
has a wide range of industrial applications: it is used to 
make opalescent glass and is a component of iron and 
steel enamelware; it is also a flux in the manufacture of 
some forms of steel. Most importantly, it is the main 
source of fluorine gas and is used in the manufacture 
of hydrofluoric acid. Banded specimens of purple 
fluorite (‘blue john’) from Derbyshire, England, were 
used in the 19th century to make beautiful vases. 

Although fluorite is primarily an industrial mineral, 

some crystals are gem-quality. However, even the finest 
specimens have a limited application because they are 


‘oe — which is sometimes still known by its 


A Beautiful, colourless crystals of fluorite in association 
with prismatic crystals of quartz (Tuscany, Italy). 


not hard enough to withstand the wear and tear of 
everyday use. And yet, although much fluorite is 
fashioned for display in mineralogists’ collections, 
some pieces are used in jewellery. These are typically 
cut in cabochons and then capped with a protective 
outer layer of a form of quartz called rock crystal. In 
addition to being more resilient than fluorite, rock 


FLUORITE 


Group: Halides 

Crystal system: Cubic 
Chemical formula: CaF, 
Hardness: 4 

Density: 3.18 

Cleavage: Perfect 


Fracture: Conchoidal 

Colour: Colourless, purple, blue, yellow, green 
Streak: White 

Lustre: Vitreous 


Fluorescence: Pink, violet, blue, yellow, white 


4 Fluorite in association with dark sphalerite. 


crystal is transparent and consequently the colours of 
3 the fluorite can easily be seen through it. 
Fluorite is a member of the halide group of minerals. Fluorite is also used to make carvings and brooches 


Each molecule of the mineral is made up of oneatom with carved designs called intaglios. When fluorite is 
of metallic calcium joined to two atoms of fluorine. faceted, the usual cutting angles are 40—50? along the 
The basic structure of fluorite crystals is cubic, and crown surfaces and 43? on the pavilions. (For gem- 

their external form is usually cubic, too, although cutting terms, see Discovery 9 and 11.) 
eight-sided and 12-sided shapes may also be found. 
Crystals are often joined in the phenomenon known Variant forms 
as twinning. Fluorite is usually quite pure, but in some specimens as 
Fluorite is a fairly soft mineral, scoring only 4 on the much as 20 per cent of the calcium in the mineral may 
Mohs Scale of hardness - it can be easily scratched with be replaced by metallic yttrium. This variant form is 
the blade of an ordinary knife. It is extremely sensitive usually violet, grey or reddish brown in colour and is 
to heat and melts (fuses) easily in an open flame. |. known as yttrian fluorite. Less frequently, some of the 
| Fluorite is usually fluorescent, showing various | calcium in fluorite may be replaced by another metallic 
| colours under ultraviolet light. However, the strength element, cerium. 
of this effect can vary enormously from specimen to 
specimen. Treatments 


— ——  Asits name implies, fluorite may show a strong 
fluorescence under ultraviolet light. Specimens are 
often covered with layers of calcite. These can be 
removed with dilute hydrochloric acid. Iron stains are 
also common and can be removed by wiping the 
surface with oxalic acid. 

It is important to note that all acids should be 
treated with great care and never used without adult 
supervision. No attempt should be made to clean 
specimens of yttrian fluorite. 


ORIGINS and DISTRIBUTION | 


Fluorite is a widespread mineral found in a large 
number of mineral veins that have been formed by 
hot water (hydrothermals) and around hot springs. It 
may form on its own or in association with various 
metallic ores, especially those of lead and zinc. Some 
granites, and more rarely pegmatites, may contain 
fluorite as an accessory mineral. - 

Among the many minerals with which fluorite 
may be associated in this way are barite, calcite, 
cassiterite, celestine, dolomite, galena, quartz 
and sphalerite. 

The following are some of the main locations in 
which substantial deposits of fluorite : have been . 
found: Freiberg (Germany); Bolzano, Lazio and 
Tuscany (Italy); and St Gotthard (Switzerland). 

— Jn the United States, fluorite is found at Crystal 
Peak, Colorado, and in Hardin County, Illinois. Yttrian 
fluorite is found | in Sussex County, New York State; 
the other main Source of this form of the mineral is 
Falun (Sweden). 

rite is also found in the British Isles, 
and occurs in the following places: Cleator Moor, 
Cumbria; Derbyshire; Devon; Weardale, Durham 
and the lead veins of Northumberland. The 
beautiful blue john can still be found, but the 

A Three fluorite gemstones from the British Isles. main veins are now worked out and it is no longer 

The brown specimen has been cut in a rectangular mined ona large scale. 

baguette; the other two pieces are round and oval. E. : 
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Biotite is a common 

form of mica that is 
found particularly in 
metamorphic and 
igneous rocks. 


iotite is a mineral that can vary in colour from 

black, dark green and reddish brown to brown 

and very rarely even white. Its usual colour is 
black, and it is often seen as small black plates in 
plutonic (meaning formed deep underground) 
igneous rocks such as granite. It is one of a number 
of types of mica, the other common one being 
muscovite, white mica. White mica has a high 
resistance to electricity, and consequently is widely 
used as an insulator in electronic equipment. 


Mica minerals 
Micas are silicate minerals. Biotite is a silicate 
of a number of metals: potassium, magnesium, 
iron and aluminium. It forms a chemical series 
with another dark coloured mica called phlogopite. 
Phlogopite has a similar composition to biotite, but 
contains no iron. 

Micas, including biotite, are common in many 
igneous and metamorphic rocks and also occur 


A Pseudo-hexagonal biotite from Madagascar. 


in certain sedimentary rocks. Biotite is found in 

many granites. These plutonic rocks formed as magma 
cooled and consolidated deep within the Earth's crust. 
The black speckling on the surface of many granites is 


due to the presence of biotite crystals, set among the 
pale feldspar and quartz crystals. 


Gneiss and schist 

Biotite mica occurs in a number of metamorphic 
rocks, but is best known in gneiss and schist. These are 
rocks formed by regional metamorphism. This 
is a process that occurs over large tracts of the 
Earth's crust, usually at considerable depth, where 
temperatures and pressures alter pre-formed rocks. 


4 Thin layers (lamellae) of black biotite from Trento 
in northern Italy. 


| and contains the metallic elements potassium, 
magnesium, iron and aluminium. 

Biotite crystals may be transparent, translucent 
or opaque. They usually resemble short slabs which 
often have six-sided outlines, but this is potentially 

| misleading because biotite crystals are not in the 
| hexagonal crystal system - they belong to the 
monoclinic system, and consequently biotite crystals 


in this shape are described as pseudo-hexagons. 
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Commonplace mineral 


A A specimen of hendricksite, another form of mica 
that occurs in zinc-bearing deposits. This specimen 
comes from mines at Franklin, New Jersey, USA. 


A Fine prismatic biotite from Bohemia 
in the Czech Republic. 


BIOTITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: K(Mg,Fe);AI,Fe)Si;0;( OH,F); 
Hardness: 24-3 

Density: 2.7-3.4 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Brown to black, green 


Streak: Colourless 


Lustre: Vitreous or splendent 


Fluorescence: Absent 


Schist is a regionally metamorphosed rock that is 
formed at moderate temperatures and pressures. 

It contains biotite mica, which lies in flat flaky 
crystals on the wavy planes of foliation that run 
through the rock. Mica, including biotite, sometimes 
occurs in the sedimentary rock sandstone. 


Glittering crystals 

Because it is so flaky, biotite is found on the 
bedding planes as small glittering crystals. When 
it is found like this, it means that the biotite has 
been eroded or weathered from an igneous or 
metamorphic rock and deposited with quartz 
grains in the sandstone. 


ORIGINS and DISTRIBUTION & 


Biotite is a form of mica that is widely distributed in 
igneous and metamorphic rocks. It is very common 
in coarse-grained granite, syenite and diorite rock 
formations as well as in fine-grained equivalents such 
as rhyolite and andesite. Coarse-grained igneous 
rocks, like granite, have cooled very slowly, allowing 
large grains (crystals) to form in them. A fine-grained 
igneous rock has cooled quickly, only allowing time 
for small grains (crystals) to form. 

Biotite also forms in places where molten rock 
(magma) has touched against other, pre-existent, 
non-magmatic rocks in a process known as contact 
metamorphism. 

The finest biotite comes from Brazil, Greenland, 
Italy, Japan, Norway, Russia, Sweden, and the states of 
California and Colorado in the USA. 

Some of the best biotite in Italy is found on the 
slopes of the volcanic Mount Vesuvius, while the 
biotite deposits around Arendal in Norway are among 
the world's largest - some expanses of the pure 
mineral range uninterrupted over areas as large as 
seven square metres. 


A Biotite from the slopes of Mount Vesuvius, near Naples, Italy. 


Biotite is easily distinguished by its habit. It forms 
as thin flat crystals, sometimes with a six-sided outline 
(pseudo-hexagonal). These crystals can accumulate 
in ‘books’ where many thin sheets of biotite occur 
stacked one on top of another. It is a very soft mineral 
and is easily scratched with a coin. 


Perfect basal cleavage 
Biotite has a glittering appearance and when it has 
been handled and examined, small glittery flakes will 
be found on the hands. 

Biotite has perfect basal cleavage and it can be 
torn into thinner and thinner layers along its 
cleavage planes. 


Linarite 


Linarite is a rare but widespread 
mineral that is very popular 
with mineral collectors 
because of its beautiful 
crystals. 


inarite crystals have an 

attractive deep blue coloration 

and come in many shapes 
and sizes, sometimes up to 10cm in 
length. Linarite is named after 
Linares, a city in Spain that is 
famous for the lead mines in which 
one of the first linarite finds was 
made in the early 19th century. 


Crystal shapes 

The crystals of linarite are usually thin and flattened. 
They are prismatic and often appear jumbled up 
together in strikingly unusual formations. Moreover, 
the crystals often grow joined together in a process 
known as ‘twinning’. Some of the linarite clusters 
that have formed in these shapes are highly 
spectacular. The most beautiful formations are real 
collectors’ favourites, and their value is greatly 
enhanced by the fact that linarite, although 
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A A linarite specimen from the Soda Lake Mountains in 
California, USA. The accompanying mineral is caledonite, 
a carbonate of lead and copper that also contains a 
sulphate radical. 


widespread in many parts of the world, never occurs in 
very large quantities — this is why it is classified as a 
‘rare’ mineral. Linarite is usually found near lead and 
copper mines where it will be left behind because it 
cannot be used commercially for extraction of the 
valuable metals it contains. 


4 Linarite from Leadhills, Lanarkshire, Scotland. 
Delicate crystals like this should never be dusted, 
but cleaned only with distilled water. 


minerals. It contains the metals lead and copper. It is a 
soft and heavy mineral - it scores only 27 on the Mohs 
Scale of hardness, but weighs more than five times as 
much as the equivalent volume of water. 

Linarite may be transparent or translucent. Its 
sheen (lustre) is sometimes glassy (vitreous), and 
sometimes only a little less sparkly than a diamond 
(subadamantine). 

If linarite is rubbed along a piece of unglazed 
white porcelain, it reveals a light blue streak. 


Tests 
One of the problems with linarite is that it looks like, 
and often occurs near, the mineral azurite. To tell the 
two apart, it is necessary to test for the presence of 
lead, a metal contained in linarite but not in azurite, 
which is a carbonate of copper. 

The experiment by which the two minerals can 
be distinguished involves placing the unidentified 
specimen in dilute hydrochloric acid. If it is azurite, it 
will dissolve with an effervescent fizz. If the specimen 
is linarite, it will produce a white coating of lead 
chloride and give off no effervescence. 

Linarite is soluble in dilute nitric acid. It melts 
(fuses) when burned in an open flame, and if the 
heating is continued for a time the linarite will 
eventually crackle and then turn black. 


LINARITE 


Group: Sulphates 


Crystal system: Monoclinic 
Chemical formula: PbCuSO,(0H); 
Hardness: 27 

Density: 5.3 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Blue 
Streak: Pale blue 
Lustre: Vitreous to subadamantine 


Fluorescence: Absent 
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A dense aggregate of linarite crystals 


(Sardinia, Italy). 


x* 


v Crystals of linarite and caledonite (Sardinia, Italy). 


v Linarite on the lead-bearing ore galena (Blanchard 
Mine, New Mexico, USA). 


Linarite forms in parts of the Earth where lead and 
copper veins have been altered by circulating fluids - 
mainly water. It is therefore classified as a secondary 
mineral. 

It is most often associated with the other lead- and 
copper-bearing minerals anglesite, brochantite and 
chalcanthite. 

Linarite is widespread but never plentiful. Some of 
the best deposits are found in Argentina; at Broken . 
Hill in New South Wales, Australia; in Canada, Italy — 
Namibia, Russia and Spain; and in Arizona and New 


“Mexico, USA. Linarite has also been found at Leadhills oo 


paren Scotland. 


L if 
Leucite is a rare mineral. 
It occurs occasionally in 


certain potassium-rich 
volcanic rocks. 


eucite may be grey, white or 
colourless. Although it 
contains aluminium and 
can be used in the manufacture 
of potash, its uses are limited 
because it is uneconomical to 
extract the aluminium from 
limited leucite occurrences. 


Unexploited mineral 

Some of the best leucite deposits are found 

in Italy, especially around Lazio near Rome and 

in the Campania region of which Naples is the 
capital. It was here during and after the First World 
War that concerted efforts were made to exploit 
leucite on an industrial scale. But although this 
mineral is very rich in aluminium and has great 
potential as a fertiliser, before long the mining had 
to be abandoned because it was too expensive. 


v A well formed crystal of leucite that was 

found on the slopes of Mount Vesuvius, a dormant 
volcano south of Naples in Italy. Leucite takes its name 
from the Greek word meaning 'white', in reference to 
its typical colour. 


Y A leucite crystal 
found in volcanic 
deposits around 
Lazio, Italy. 


T 


| Leucite is a member of the silicate group of minerals. 
. Itis a silicate of the metals potassium and aluminium. 


Under normal conditions, leucite crystals are 


shaped like elongated cubes. These cubes have 


three faces at right angles to one another, but only 
two of them are equal in length, breadth and height. 
Such crystals are said to belong to the tetragonal 
crystal system. 

Leucite crystals may have grooves (striations) 


. running along the whole length of their external 


surfaces, and they are commonly found growing 


_ joined together in a process that is known as 


'twinning'. 

When leucite crystals are heated above 625°C 
their crystal structure alters and they change from 
tetragonal to cubic symmetry, and this may make 
identification difficult. 

All leucite is transparent to translucent in 
appearance, and has a glassy sheen (vitreous lustre). 
If a specimen is rubbed on a piece of unglazed white 
porcelain, it reveals a colourless streak. 

Leucite is a fairly hard mineral (54-6 on the Mohs 
Scale) and is not very heavy (it weighs only two and a 


half times more than the equivalent volume of water). _ 


Leucite is brittle, and displays conchoidal (shell-like) 
fracture patterns. Its cleavage is very poor. 
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Rare mineral 


LEUCITE 


Group: Silicates 


Crystal system: Tetragonal to 625?C, then cubic 
Chemical formula: KAISi;0; 

Hardness: 54-6 

Density: 2.5 

Cleavage: Poor 


Fracture: Conchoidal 


Colour: Colourless, white or grey 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


4 White leucite from Caserta, north 
of Naples in Italy. These crystals are 
approximately 2cm in length. 


Y 4 A leucite crystal found in volcanic 
deposits around Lazio, Italy. 


ORIGINS and 
DISTRIBUTION 


Leucite may form as crystals, in shapeless 
masses (the so-called ‘massive habit’) or in 
tiny, sand-like grains. 

Leucite forms principally in two different 
types of volcanic lavas: those such as 
basalts and phonolites that are rich in 
potassium-bearing minerals, and those 
that are poor in silica, such as trachytes. 

But leucite is rarely found in lavas of 
great age. This is because it alters very 
easily - especially when subjected to heat - 
and changes into a mixture of orthoclase 
and nepheline called pseudoleucite. 

Leucite's occurrence around the world is 
greatly restricted. This is partly because it 
cannot occur in association with quartz - 
one of the Earth's most widespread 
minerals - and partly because it is unstable 
at temperatures above 625*C. This means 
that much of the leucite that may have 
existed in earlier ages will have been 
changed into some other compound 
(secondary mineral) by the geological 
processes that occurred beneath the 
surface of the Earth many millions of 
years ago. 

The best leucite specimens are found in 
Vancouver Island, British Columbia, Canada; 
in the Erzgebirge and Eifel districts of 
Germany; around the slopes of the volcanic 
Mount Vesuvius in Italy and in the Leucite 
Hills of Wyoming, USA. 


Magnetism 


Magnetism is a force that can either attract certain 
substances towards one another or else drive them apart. 
Many minerals can be magnetic, and one of the most widely 
distributed of these is magnetite. Also known as lodestone, 
magnetite occurs in igneous and metamorphic rocks all over 
the world. 


to take a magnet and break it into two 
pieces, you would get not a broken 
magnet but two magnets, each with a 
north pole and a south pole of its own. 


History 
All this has been known for thousands 
of years — the Chinese discovered it over 
2,000 years before the birth of Christ; 
the ancient Greeks had legends of a 
mountain whose magnetic power was so 
strong that it could sink passing ships by 
causing the nails that held their timbers 
to fly out of their holes. This mountain 
— which was, of course, no more than a 
legend — was often believed to be at the 
North Pole, and was held to be the cause 
of all the magnetism in the world. 


Magnetic poles 
One of the most important 
properties of magnetic materials is 
that they have two poles. One is 
called the ‘north pole’ and the other 
is called the ‘south pole’. Poles that 
are the same (north and north; south 
and south) force themselves away 
from each other, while opposite poles 
(north and south) pull towards each 
other. So if you take two pieces of a 
naturally magnetic mineral such as 
magnetite (iron oxide), they will 
either attract or repel each other 
depending on the ends that are placed AA A view of one of the world's most plentiful sources of magnetite - 
together. The rule to remember is: the island of Elba in Italy. The magnetite in the lower photograph was 
like poles repel; unlike poles attract. found there. 

This rule remains true no matter 
how you split up the magnetic A A piece of magnetite with nails attached by magnetism to demonstrate 
substance. If, for example, you were its magnetic properties. 
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Magnetism 


Although Man has long 
been aware of magnetism and 
some of its effects, it was 
not until the year 1600 that 
William Gilbert (1540—1603), 
the personal physician to 
Queen Elizabeth I of England, 
firmly established the 
connection between electricity 
and magnetism. He recorded 
his findings in a treatise 
called De Magnete (Latin for 
‘Concerning the Magnet’), in 
which he was the first to use 
the terms ‘electricity’, ‘electric 
force’ and ‘electric attraction’. 
Gilbert further described how 
to measure electricity by means 
of a hanging iron needle that is 
free to rotate about a point. 

So we can see that the 
link between electricity and 
magnetism was beginning to be 
established at the start of the 
17th century. 

But it was not until 
the early 19th century that 
scientists were able to develop 
the relationship between 
electricity and magnetism 
much further. One of the 
greatest researchers of this 
period was Danish physicist 
Hans Christian Oersted 
(1777-1851). In 1819, 
Oersted was carrying out 
experiments to show how an 
electric current heated wire. He 
noticed that, whenever he 
connected a wire to his battery, 
a nearby compass would swing 
round, but that it would 
swing back to its original 
position as soon as the current 
was switched off. Here was 
proof of what had long been 
suspected: that electricity has magnetic effects that are 
every bit as strong as those of any horseshoe magnet. 


Induction 

Electricity can create magnets, but can magnets create 
electricity? The great English scientist Michael Faraday 
(1791-1867) set about answering this vital question. 
He erected two coils of wire next to each other, one of 
which had an iron bar inside it to create a strong 
magnet. When he sent a current through this coil he 
was able to create a momentary surge of electricity 
through the other wire. This is a phenomenon known 
as induced electricity. By coincidence, a scientist 


A Crystals of pyrrhotite, a 
magnetic sulphide of iron. 


4 Hematite (iron oxide), a 
mineral that becomes 
magnetic when it is heated. 


named Joseph Henry (1797— 
1878) was doing very similar 
research in the USA at almost 
exactly the same time. Both 
men came to nearly identical 
conclusions. 

Scottish physicist James 
Clerk-Maxwell (1831—1879) 
was the first to discover that 
electricity could perform 
'action at a distance'. He 
suggested that electromagnetic 
fields travelled through space 
with a wave motion. Since he 
calculated that these waves 
moved at a speed very close 
to that of light, he correctly 
concluded that light was just 
another form of electromagnetic wave. 


Force fields 

If you shake iron filings onto a piece of paper and then 
pass a magnet underneath it, the patterns that the 
filings form show fields of attraction and fields of 
repulsion. Faraday and Henry were pioneers of this 
idea of force fields: their new concept revolutionised 
our understanding of electricity and magnetism and 
made possible many subsequent technological 
developments in electric lighting, telephones and 
other forms of telecommunication, as well as the 
electricity generator. 


GROUNDWORK 


On the mineral 
trail: Zimbabwe 


OF ZIMBABWE Zimbabwe is a 


landlocked African 
country that occupies 
TM an area of 150,804 
"M um square miles (390,580 sq 
ANM km) - making it larger 
Chinoyi í than Poland but smaller 
m Harare d than Spain. Harare, the 
a\Mt capital and largest city, 
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bout a quarter of the land mass of Zimbabwe 
nv a plateau known as the highveld (veld 
is a Dutch and Afrikaans word meaning 'open 
grass country ). This region is over 1200m high and 
runs right across the country from the south-west to 
the north-east. Forests in the south-east corner of the 
country provide valuable hardwoods. 
On either side of the highveld are areas of lowveld 
which are below 914m. These are the least populated 
and least developed parts of the country. The Eastern 
Highlands form a narrow belt which runs along the 
Mozambique border in the east. The main peaks in 
this low mountain range include Inyangani and 
Chimanimani. The highest point in the country is A A worker breaking up rocks at the Leopard Gold Mine 
Mount Inyangani which rises to 2592m. near the town of Kwe Kwe. Gold is one of Zimbabwe's 
chief exports, and its principal trading partners are now 
Mineral wealth Great Britain, Germany, the USA and South Africa. 
Within the highveld is a mountainous intrusion called 
the Great Dyke which is 483km long and contains asbestos, chrome ore, cobalt, copper, iron ore, nickel, 
most of Zimbabwe's mineral wealth. The most silver and tin. There are, in addition, substantial coal 
important ore extracted here is gold, but among the deposits which are not yet fully exploited and only 
other valuable commodities found in the region are supply the home market. 


Zimbabwe 


On the mineral trail: 


ROUNDWORK 


Although mining 
represents only about 
seven per cent of 
Zimbabwe's gross 
domestic product (GDP), 
almost all the minerals it 
produces are exported, and 
together they earn about 
25 per cent of the 
country’s foreign 
exchange. 


Other activities 
Zimbabwe is by no means 
a highly industrialised 
nation — most of its people 
live in rural areas. Tobacco 
farming and related 
activities still provide work 
for the bulk of the nine 
million population — 
but there is also a large 
government-subsidised 
steel works and a ferro-chrome industry. 

This is an important industry in which chromium 
is first combined with iron to improve its hardness 
and corrosion resistance. After that, manganese, 
molybdenum, tungsten and vanadium are added to 
the ferro-chrome alloy to make stainless steel and other 
corrosion-resistant steels that may be used for furnaces, 
heat exchangers, and burner heads. 


The Zambezi River 

Another important physical feature of Zimbabwe is 
the Zambezi River, which runs along the northern 
edge of the country and forms the border with 
Zambia. The Zambezi is the principal river of 
southern Africa and fourth longest river on the whole 
continent after the Nile, the Congo and the Niger. It 


<A vein of chrysotile 
asbestos in serpentine 
rock. Asbestos makes up 
3.9 per cent of Zimbabwe's 
total export revenue. The 
other main exports are 
gold (18.9 per cent), 
tobacco (18.4 per cent), 
ferro-alloys (10.7 per cent) 
and cotton (5.2 per cent). 


drains an area of more 
than 1.3 million sq km. 
The Zambezi rises in 
north-west Zambia and 
flows over the Victoria 
Falls and across 
Mozambique to enter 
the Indian Ocean north 
of Beira. Among its main 
tributaries are the 
Botswana, Kafue, 
Luangwa, and Shire rivers. 


The Kariba Dam 

For Zimbabweans, an important feature of the 
Zambezi River is the Kariba Dam, which, at the time it 
was constructed, was the largest man-made dam in the 
world. A huge hydroelectric power plant was built 
there between 1955 and 1959 as a joint Zimbabwean- 
Zambian venture and this has enabled Zimbabwe to 
become self-sufficient in electricity. Behind the dam 
lies Lake Kariba — 280km long and 32km wide at its 


widest point. 


v A panorama across the Eastern Highlands of Zimbabwe. 
This low range is bounded by two great rivers, the 
Zambezi to the north and the Limpopo to the south, 
where it forms Zimbabwe's border with South Africa. 


- Logging your 
specimens 


Mineral collectors need to 
remember one simple rule: 
properly labelled specimens will 
greatly add to the interest of your 
collection. The more relevant 
information that you can assemble 
about your collection, the more 
valuable it will be, both scientifically 


and commercially. Here we provide j A i- e Y 
some handy hints about the best 5: SÀ KN 
way to log your specimens. pw "I -] B 


TE «js - : 
Accessioning a 
When a new book comes into a school or public 
library, it is ‘accessioned’: this means that it is 
logged in the library’s reference system so that 
all users of the library are made aware that it is 
available. Each new book will be thoroughly 
cross-referenced by its title, author and 


subject matter. 4 A small wooden mineral display case. Note that basic 
The same kind of procedure should always be information about each specimen has been entered on 
followed whenever you acquire a new specimen for a piece of paper stuck in the lid. This is useful, but it 


your mineral collection. This is an important 
discipline because you should be able to put your in the sample page below Y. 
hands on any specimen at a moments notice. An 


LI 


does not obviate the need for a fuller log such as that 


inventory of everything you have is not only of great interest: for it to be of any scientific interest and 


practical assistance: it is also a good way of enhancing commercial value, there should also be a full log of its 


the value of your collection. This is because a specimen provenance, its date of acquisition and any other 
known only as ‘pyrite’, for example, is of minimal relevant information that you may know about it. 


NUMBER DATE NAME& DESCRIPTION LOCATION . METHOD OF ACQUISITION INFORNATON 


1322 24.11.06 | Amethyst Brazil Swapped with George Smith, | Part of geode 
Lapwing Cottage, Garthwaite 


ra 15.12. my mem | por UK Found on mine Found onmine spi heap | heap Some colour | Some colour banding 


1324 28.12.06 | Pyrite Borrowdale, UK} Purchased from The Rock Crystals in slate 
Shop, Sudbury on Esk 


1325 5.1.07 Trento, Italy Present from parents 


COMMENTS 


Perhaps blue Paap blue john? | 


Identified as 
harmotome March 
2007 by Rockwatch 
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To make a full inventory of your mineral collection 
you will need a large exercise book and lots of 
appropriately sized sticky labels. You should number 
each label consecutively and s one on the mount 
or display box of every specimen as soon as it comes 
into your possession. The corresponding numbers 
should then be written down in the left hand column 
of the log book. 

You should then make six further columns across a 
full double page spread of the log book. These will 
have the headings ‘Date’, ‘Name and description’, 
‘Location’, ‘Method of acquisition’, ‘Additional 
information and, finally, ‘Comments’. If you have 
your own personal computer, you can keep this log 
and your other records on this. 


Once you have got this system — or something like it — 
up and running, you will soon discover how difficult 
it is to gather all the data you would like. You can 
never know enough about your specimens. 

For example, minerals that you have been given 
as presents, or that you have bought from shops or 
swapped with friends, may be impossible to log fully. 
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This fine glass-fronted display - from a public 
museum in France - shows specimens clearly labelled. 
The methods of recording information about specimens 
are the same in mineral collections all over the world. 


You will probably soon reach the conclusion that 
the best mineral specimens are those that you have 
found yourself — in these cases, you will have plenty 
of information about them to record in your log. 

However, although you will be able to make much 
fuller entries for minerals you have found yourself 
than for those acquired by other means, you should 
always bear in mind that you may well need to 
reclassify minerals in the light of new information that 
subsequently becomes available. In the illustration on 
the previous page, sample number 1325 is a good case 
in point — the mineralogist to whom the book belongs 
received a specimen as a birthday present from her 
parents. She thought at first that it was chabazite until 
she had it tested by a professional geologist. He proved 
it to be not chabazite but the very similar mineral 
harmotome. 

This may sound frustrating, but on the contrary, it 
is just one of the many fascinating discoveries that are 
made all the time by keen amateur mineralogists. 
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Labradorite's unique play of 


colours lends a striking rainbow 


effect to the ornaments that 
” are carved from it. 


abradorite usually shows an array of different 

colours — blue, green, orange, red or yellow. 

It gets its name from Labrador, the region of 
north-east Canada where it was first discovered in 
the late 18th century. 

Labradorite is valuable principally for its unusual 
sheen. This is known as a schiller, from the German 
word meaning ‘lustre’ or ‘shine’. All minerals and 
gemstones which show this effect are said to display 
‘schillerisation’. 

Schiller is generally caused by light as it passes 
through the body of a mineral or gemstone and 
bounces back off inclusions such as gas-filled cavities 
or other interferences. 

The schiller of labradorite is caused by light 
bouncing back off tiny plates of other minerals, 
such as ilmenite or rutile, within the labradorite. 

The result of this is a play of colour — usually 
greens and blues, sometimes purple, gold or red — 
which is unique and is called ‘labradorescence’. 


Y Ab These two specimens clearly show the range 

of brilliant colours created by the unique phenomenon 
to which labradorite has given its name. Both the 
pieces shown here come from Labrador in Canada, 

but labradorite may also be found in several other 
parts of the world. 


CHARACTERISTICS 


Labradorite is a member of the silicate group of 
minerals. It is a silicate of the metallic elements 
aluminium, calcium and sodium. When light bounces 
off tiny flattened mineral inclusions in labradorite, it 
produces a striking play of colour - usually shades of 
blue and green. 

Crystals of labradorite are rare; when they do 
occur they are shaped like table tops and often grow 
together in a phenomenon known as 'twinning'. The 
crystals belong to the triclinic system, the least 
symmetrical of all the crystal systems: no face has the 
same dimensions as any other and none of the faces 
is at right angles to any of the others. 

Labradorite is moderately hard, scoring 6-64 on 
the Mohs Scale of hardness. 

When labradorite is hit with a heavy object or 
exposed to pressure, it breaks off cleanly along its 
weakest structural surfaces: in scientific terms, it is 
said to show perfect cleavage. Labradorite is a 
translucent mineral which has a glassy sheen. 


Precious stone 


4 A rectangular 
labradorite gemstone 
with bevelled corners. 


4 Labradorite cut to 
form a cabochon. 


v Acigarette 
lighter made 
from labradorite. 
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Feldspar 
Labradorite is one of the feldspars, the most abundant 
group of minerals in the Earth's crust. 

Some feldspars are very similar and distinguished 
from one another only by the exact amount of calcium 
and sodium they contain. 

Scientists have categorised these feldspars into a 
separate group of minerals known collectively as the 
plagioclase series. All members of the group contain 
both calcium and sodium, but none contains the same 
amount of either metal. At one end of the series is 
albite, a mineral whose main constituent is sodium, 
while at the other end is anorthite, a mineral which is 
made up mainly of calcium. 
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Labradorite forms an important part of two groups of 
rock: those that were originally formed from magma 
or lava (igneous rocks) and those whose original 
composition has been altered by heat, pressure or 
chemical reaction (metamorphic rocks). 

Labradorite is generally found in the rocks 
amphibolite, andesite, basalt, diorite, gabbro and 
norite. 

Although labradorite is still found in its original 


location near Nain in the Labrador region of Canada, 
it is also found in several other places including: New 
South Wales, Australia; Finland; near Trento in the 
Italian Tyrol and around Mount Etna in Sicily; Larvik in 
Norway and Kiev in the Ukraine. In the USA there are 
labradorite deposits in Oregon, Utah, California and 
several other places. 
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LABRADORITE 


Group: Silicates 

Crystal system: Triclinic 

Chemical formula: (Na,Ca)Al; ;Si;.;05 
Hardness: 6-67 

Density: 2.69-2.72 

Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: Greyish with labradorescence (usually blue) 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


In between these two extremes are various other 
minerals in which the calcium content decreases as the 
sodium content rises. The members of the plagioclase 
feldspar series which are rich in calcium form at much 
higher temperatures than those which are rich in 
sodium. None of the other plagioclase feldspars exhibits 
labradorescence. 

The other members of this series are oligoclase, 
andesine and bytownite. Labradorite, which lies almost 
exactly in the middle of the plagioclase series, contains 
approximately equal concentrations of sodium and 
calcium. 


The cut 

Gem-quality labradorite is usually polished or cut in 
cabochons to bring out its amazing colours to the best 
advantage. When labradorite is used in ornaments, it 
is often cut to represent animals. Although labradorite 
is generally agreed to have been discovered in the late 
eighteenth century, it is possible that it was known in 
ancient times — the Roman historian Pliny the Elder 
(AD 23—79) refers to an unnamed gemstone with 
remarkably similar properties to those of labradorite. 
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Neptunite is an extremely rare 
mineral. It is of particular interest 
to collectors because of its 


elegant crystal shapes. 


eptunite is an almost opaque mineral that 

is most often black, although some 

crystals may show deep reddish- 
brown internal reflections. 


Misleading name 
Neptunite was first discovered 
in 1893 in San Benito 
County, California, 
USA. There it is found 
in association with 
benitoite, an even rarer 
é silicate mineral that 
-— contains barium. Neptunite also 
occurs in Greenland, Canada, New 
Mexico, Russia and Australia. 
Another associated mineral is 
aegirine, a silicate that is named after 
Aegir, the god of the sea in Norse 
mythology. It is through this connection 
that neptunite gets its name, which comes 
from Neptune, the Roman sea god. Neptunite 
contains the elements 
potassium, sodium, 
lithium, iron, 
manganese and 
titanium, but despite its 
potentially confusing 
name, it contains no 
neptunium. 


A Neptunite crystals with blue benitoite and 
white natrolite from California, USA. 


< An elongated prismatic crystal of neptunite. 


NEPTUNITE 


Group: Silicates 
Crystal system: Monoclinic 


Chain silicate 
Scientists subdivide 
silicate minerals 
according to the 
structural shapes formed 
by the atoms and 
molecules they contain. 
Thus we may encounter 
ring silicates, chain 
silicates and sheet 
silicates. Neptunite is 

a chain silicate. 


Chemical formula: KNa;Li(Fe,Mn);Ti;Si;0;; 
Hardness: 5-6 

Density: 3.19-3.23 

Cleavage: Perfect 

Fracture: Conchoidal 


Colour: Black 

Streak: Reddish-brown 
Lustre: Vitreous 
Fluorescence: Absent 


Rare mineral 


| Neptunite is a rare and 
complex member of the silicate 
group of minerals. 
Neptunite crystals are 
prismatic and usually have 
square cross-sections. Their 
symmetry is very irregular, and 
often no pair of crystal faces is 
the same length, breadth or 

| height as any other. The 

scientific term for crystals 

| that appear in this shape is 

‘monoclinic’. When rubbed on 

an unglazed porcelain tile, 

| neptunite leaves a reddish- 
brown powder (streak). 

Neptunite is insoluble in 

hydrochloric acid and does not 
melt (is infusible) when placed 
in a flame. It is fairly hard (5-6 | 
on the Mohs Scale). | 


4 Y Crystals of dark-coloured 
neptunite on a natrolite base 
from San Benito County, 
California, USA. The neptunite 
crystals in the top photograph 
are approximately 2cm long. 


ORIGINS and DISTRIBUTION K$ 4 


Neptunite occurs in igneous rocks, especially 
pegmatites. Fine crystals of neptunite grow in | 
cavities in these rocks, where they are able to | 
develop a good crystal form. Among these rocks 
are nepheline syenite and serpentinite. In the latter, 
neptunite is found in association with the minerals 
benitoite, joaquinite and natrolite, all of which are 
also silicates. 

Neptunite is found in Greenland, but the finest 
specimens come from the Dallas Gem Mine which lies 
at the headwaters of the San Benito River in San 


Benito County, California, USA. 


Further small deposits of neptunite have been | 
discovered at Mont St Hilaire, Quebec, Canada. The | 
neptunite here has a higher concentration of 
manganese than deposits elsewhere, and is therefore 
referred to as mangan-neptunite. 

Elsewhere in the world, small quantities of 
neptunite occur at Woods Reef, New South Wales, 
Australia; in the Kola Peninsula of Siberia in Russia; 
and in New Mexico, USA. 


Laumontite 


Laumontite is a zeolite 
" UT mineral. It has many 


t 


$1". is widely distributed 
& 0” throughout the world. 


aumontite may be white, brownish-pink, 

yellowish or reddish in colour. It is named 

after the 18th-century French geologist Gillet 
de Laumont, who discovered it in Brittany. 


Zeolites 

Laumontite is a zeolite mineral (the name zeolite 
comes from the Greek for ‘to boil’ and ‘stone’). 
Zeolites are silicates of aluminium containing loosely 
held molecules of water which can be expelled by 
heat. What makes zeolites different from other 
minerals that have water attached to their structure 
(hydrated minerals) is that zeolites expel their water 
continuously, rather than give off certain amounts of 
water at certain temperatures as the heat increases. 

In addition, when zeolites that have been 
dehydrated are exposed to water once again, they 
take it in immediately. Among the best-known 
zeolites are analcime, chabazite, harmotome, 
heulandite, mesolite, natrolite and stilbite. 

All zeolites are absorbent, and in the USA they 
are used to remove unpleasant smells from pet litter 
trays. But the commercial extraction of zeolites is 
still a costly process, so research is currently being 


interesting properties and 


A Prismatic laumontite on quartz (Iceland). 


v Laumontite crystals set in volcanic rock. 


RACTERISTICS 


Laumontite is a member of the silicate group of 
minerals. It is a silicate of the metallic elements 
calcium and aluminium. 

Laumontite crystals tend to be small and prismatic; 
typically, they have sloping ends. The mineral may also 
appear as fibres, in columns or in masses that appear 
to radiate out from a central point. 

Laumontite scores between 3 and 4 on the Mohs 

. Scale of hardness, and it weighs just over twice as 
much as the equivalent volume of water. 
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Widespread mineral 


conducted to develop cost-effective artificial methods 
of producing them. 

When laumontite loses its water of crystallisation 
naturally through exposure to dry air, it becomes 
powdery and chalky. When this change occurs, the 
mineral is known as leonhardite. 


Tuffaceous mineral 

Laumontite is sometimes found in rocks called tuffs. 
Tuffs are formed when small rock fragments melt 
(fuse) together on the ground. These fragments — 
which typically measure only about 2mm across — were 
originally ejected from volcanoes. 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: CaAl,Si,0,2.4H,0 
Hardness: 3-4 

Density: 2.2-2.4 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, grey, yellowish, pink, brownish 


Streak: Colourless 


Lustre: From vitreous to pearly 


Fluorescence: None 


4 An eight-sided (octahedral) crystal of pink fluorite 
surrounded by white laumontite (Novara, Italy). 
Laumontite is often found attached to the surface of 
other minerals in this way. 


ORIGINS and DISTRIBUTION & 


Laumontite occurs with other zeolite minerals in 
cavities and veins of rocks such as basalts. These are 
igneous rocks that formed millions of years ago 
through volcanic activity. 

Laumontite can also be found in decompressed 
granite, pegmatites and certain metamorphic and 
sedimentary rocks. In common with other zeolite 
minerals, laumontite crystallises from fluids seeping 
into fissures in these rocks. 

Laumontite is fairly widespread throughout the 
world. There are good deposits in Iceland, around 
Poona in India, in the Bolzano and Tuscany regions of 
Italy and at the Pine Creek tungsten mine in Bishop, 
California, USA. In the British Isles, laumontite has 
been found in the Kilpatrick Hills and at Kilmacolm, 
Strathclyde, Scotland. 


4 A radiating aggregate of laumontite crystals, some 
of which are up to 6mm long. This is one of many fine 
specimens found in one of the world's smaller 
deposits, in Nova Scotia, Canada. 


Laumontite can therefore be described as a 
tuffaceous mineral. This must not be confused with 
tufaceous minerals, which come from tufa, a porous 
calcium carbonate rock deposited in lime-rich springs. 


Tests and treatment 
When it is placed in hydrochloric acid, laumontite will 
dissolve and leave behind a jelly-like (gelatinous) 
residue. If laumontite is heated in a closed test tube, 
the water it contains will be expelled and become 
visible on the inside of the glass. 

Laumontite should be kept covered in water to 
prevent it from dehydrating and turning to powder. 
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Y A rose-coloured 
aggregate of erythrite 
crystals from 

Queensland, Australia. 


Beautiful erythrite 
crystals are fairly 
common and 
specimens can make 
an attractive and 
desirable addition to any 
mineral collection. 
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he colours of erythrite range 
| from deep purple to pale pink. 
d Some crystals are a striking 
crimson in colour. 


Cobalt mineral 

Erythrite contains the metallic element 
cobalt and is sometimes also known as 
> ‘cobalt bloom’. 

The presence of erythrite in the altered 
parts of mineral veins is an excellent 
indicator that ores of the valuable metal 
cobalt are present within the vein. 

Erythrite crystals are needle-like 
(acicular), often with grooves (striations) running 
along the faces. When rubbed on an unglazed 


porcelain tile, erythrite leaves a pink or purplish- 


di 


pink powder (streak). Erythrite is a member of the arsenate group of 
Erythrite is a secondary mineral which forms as minerals. It is an arsenate of cobalt. In addition to 
a result of changes which have taken place to pre- cobalt, arsenic and oxygen, the atoms of which form a en 


chemical compound, erythrite has eight molecules of 
water of crystallisation. 

Erythrite is very soft: it scores only between 
. 14 and 2% on the Mohs Scale of hardness. Because of | 
. the ease with which it can be cut, erythrite is known | 
as a sectile mineral. | | 

Erythrite crystals belong to the monoclinic system 
in which no pair of crystal faces is the same length, 
breadth or height as any of the others. Erythrite 
crystals are usually prismatic; they are often needle- 
. shaped (acicular) and form in radiating shapes that 
resemble the petals of a daisy flower or the spokes of 
_ a bicycle wheel. 

Erythrite has a diamond-like (adamantine) or 
dull sheen (lustre). The crystals are transparent to 
translucent. When a specimen of erythrite is rubbed 
on an unglazed porcelain tile, it leaves a pink or 
purplish-pink streak. 


v Radiating, acicular erythrite crystals from 
Trento, Italy. 


existent (primary) minerals such as cobaltite and 
skutterudite. Although erythrite itself has no industrial 
uses, it is found in close proximity to major cobalt 
ores, such as cobaltite and smaltite, which are mined 
for use in a wide range of industrial processes. 

Cobalt is extracted by roasting the ore until it 
forms an oxide compound and then reducing it with 
carbon or water gas. 


Uses of cobalt 

Cobalt is mainly used in stainless steels and high- 
strength alloys which have to withstand oxidation at 
high temperatures. These alloys are mainly used to 
make turbine blades and cutting tools. 

‘Cobalt steel’ is a group name given to alloy steels 
that are made up of 5-12 per cent cobalt and 14-20 
per cent tungsten, usually together with 4 per cent 
chromium and 1—2 per cent vanadium. Cobalt steel 


Widespread mineral 


is very hard but rather brittle, and its main use is in 
high-speed power tools. 

Cobalt is a component of Alnico, an alloy that is 
used to make permanent magnets. It is also used in 
electroplating and in blue pigment dyes. 


ORIGINS and DISTRIBUTION &* - 


Erythrite is a widespread mineral that is only ever 
found in very small quantities. 

Erythrite forms mainly in cobalt veins which have 
been altered by circulating fluids. It also forms close 
to the surface of certain mineral deposits where 

earlier oxidation has taken place. 

Most erythrite occurs on the surface of rocks and 
other minerals where it forms in delicate pink 
coatings that may resemble tiny flowers. 

Small amounts of erythrite can be found almost 
anywhere that cobalt is mined. It may also occur 
around fluorite and nickel mines. 

The world's principal sources of erythrite are 
at the mining town of Cobalt in Ontario, Canada; at 
Schneeburg in Saxony (Germany); at Bou Azzer in 
Morocco; and in California, Nevada and New Mexico, 
USA. There are further minor erythrite deposits in the 
British Isles; at Mount Cobalt in Queensland, Australia; 
on the islands of Elba and Sardinia in Italy; in Sweden 
and in the cobalt mines of Zaire. 


«4 Reddish-violet, needle-shaped 
(acicular) crystals of erythrite in 
radial aggregates on a base 

(matrix) from Queensland, | 
Australia. | 


ERYTHRITE 


Group: Arsenates 


Crystal system: Monoclinic 
Chemical formula: Co;(As0,);.8H;0 
Hardness: 1-2/4 

Density: 3.18 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Reddish-violet to pink 


Streak: Pink or purplish-pink 


Lustre: Adamantine or dull 


Fluorescence: None 


DISCOVERY 37 


, Natural radioactivity 


Some of the chemical elements that make up minerals and gemstones are 
not always stable, and their atoms can break down spontaneously into their 
constituent particles. When this happens, various forms of radiation are emitted. 
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Radioactivity , 3 ie 3€ QJ. process is ongoing and does 
An important fact to ES E ^; PC P = not end after one half-life. 
remember about natural £- LR Gc Neca After two half-lives have 
radioactivity is that it is E i : as elapsed, one quarter of the 


uninfluenced by chemical 
changes or by any normal 
changes to the environment 
of the material in which it 
occurs. Radioactivity is quite 
distinct from any reaction 
that can be obtained by 
heating, for example, or by 
any other chemical reaction. 
Radioactivity may be 
defined as the spontaneous 
disintegration of certain 
atomic nuclei. (A nucleus is 
the central core of the atom, 
which contains most of its 
mass.) When radioactivity 
occurs, it is accompanied by 
the emission of alpha 
particles (helium nuclei), 
beta particles (electrons) or 
gamma radiation (short- 
wave electromagnetic 
waves). (For more about 
electromagnetic wavelengths, 
see Discovery 29.) 
Radioactive minerals are 
minerals that contain 
unstable chemical elements 
or rare, unstable varieties of 
certain elements more 
common in stable form. 
These minerals 
decompose naturally, and 
when they do, they release 
huge quantities of energy 
in the form of radiation. 
The rate of natural 
decomposition varies from 


original element remains; 
after three periods, one 
eighth remains; and so on. 


Isotopes 

Even within a single 
element, the atomic nuclei 
do not always have the same 
make-up. These variant 
forms of the same basic 
element are known as 
radioisotopes or isotopes 

for short. 

Although variant 
isotopes have the same 
number of protons as the 
basic form of the element, 
they have a different 
number of neutrons. The 
main distinguishing feature 
of isotopes is that their 
weight (mass) differs from 
that of the ‘normal’, stable 
form of the same element. 

As a result, we find that 
not all uranium atoms, for 
example, have the same 
mass: naturally occurring 
uranium is made up 99.3 
per cent of isotope 238 — so 
named because its mass is 
roughly 238 times that of a 
hydrogen atom — and 0.7 
per cent of isotope 235, 
which is 235 times heavier 
than a hydrogen atom. 

The importance of 
this small difference 


é element to element, and the A Uranospathite in association with torbernite. between the two isotopes 
time taken for half the atoms Both these minerals contain uranium and they will is that even though their 
of any radioactive element to therefore decompose in time through radioactivity. chemical properties may 
disintegrate is known as its (Uranospathite is formed through the alteration of be nearly identical, their 


half-life. The disintegration uraninite, the main source of uranium.) radioactive properties are 


ivity 


Natural radioact 


fundamentally different. For 
example, the uranium 
isotope 235 has a half-life of 
710 million years, and it will 
decompose more quickly 
than uranium-238, which 
has a half-life of 4.5 billion 
years. 

The metallic element 
potassium is another case in 
point. Potassium contains 
three different isotopes 
which weigh, respectively, 
39, 40 and 41 times as 
much as a hydrogen atom. 
Potassium isotopes 39 and 
41 are ‘normal’ - that is, 
perfectly stable — but isotope 
40 is radioactive, and has a 
half-life of 1.47 billion years. 

All minerals containing 
potassium are radioactive. 
These include the feldspar 
group, the most common 
minerals in the Earth’s 
crust. However, the level of 
radioactivity potassium gives 
off is very weak, and there is 
no danger from any of the 
potassium minerals that we 
encounter in Treasures of the Earth. 

Not all half-life periods are as long as those of 
uranium and potassium. Radium-226 has a half-life of 
about 1,500 years, while radon-222 has a half-life of 
only 3.8 days. Although it may be tempting to assume 
that, since these elements are always decomposing, 
there will eventually be none left in nature, the fact is 
that they are continuously being re-formed through 
the decomposition of other isotopes such as uranium- 
238. (In fact, radium and radon are produced mainly 
by the decomposition of the elements uranium and 
thorium.) 


Radiometric dating 
All this is enormously useful to geologists because 
once the duration of an elements half-life has been 
calculated, it is then possible to work out the age of 
rocks from the extent of decomposition found in the 
radioactive elements they contain. 

Working out the ages of rocks using the 
radioactive decay of certain elements can usually only 
be attempted with igneous and metamorphic rocks. 
Sedimentary rocks contain particles derived from 
earlier rocks so they do not give accurate results. 

The rubidium-strontium method for working 
out the ages of rocks has proved very reliable, especially 
for rocks over 30 million years old. The age of the rock 
is worked out by comparing the proportions of 
rubidium and strontium in a rock sample. 


A A specimen of radioactive pitchblende, an alteration product of uraninite. Any 
rock that contains radioactive material can be dated very accurately, and this has 
been of great help to scientists calculating the exact age of rocks in the Earth. 


Nuclear fission 

All isotopes of uranium and thorium are radioactive. 
They emit energy which can be dangerous if not 
properly harnessed. The radioisotope cobalt-60, 

which has a half-life of 5.3 years, is used by doctors in 
radiotherapy (a form of treatment for cancer patients), 
and as a tracer element. The main sources of cobalt are 
the mineral ores cobaltite and smaltite. 

Strontium is a component of the minerals celestine 
and strontianite. This metallic element has an isotope 
called strontium-90 with a half-life of 28.1 years. 
Strontium-90 is used in nuclear power sources and is 
one of the most hazardous fall-out products. 

Uranium-235 is used as a source of nuclear energy 
through fission. Fission is the process of splitting an 
atom into its constituent parts. It is potentially very 
dangerous, and while it is being carried out the 
element cadmium may be used as a safety device to 
absorb excess neutrons. Most uranium comes from 
uraninite, a valuable mineral ore that may also contain 
minute amounts of helium, lead, polonium, radium 
and thorium. 

Radium isotope 226 has a half-life of 1,602 years 
and eventually decomposes into radon. Radon is 
another element whose alpha particles are widely used 
in medical radiotherapy. There are at least 20 isotopes 
of this element. Where radon occurs naturally, as 
where certain granites occur at or near the surface of 


the Earth, it is thought to be a health hazard. 


The Iron Age began when iron first came 
into general use and replaced bronze as 


the basic material for tools and weapons. 


The Iron Age is the last stage in the 
archaeological sequence known as the 
Three Age System, comprising the Stone 
Age, the Bronze Age and the Iron Age. 


ron is a very common element in the Earth. It 

occurs in many minerals and rocks both in the 

Earth's crust and the Earth's mantle. Copper and 
tin are less common, but they were worked in the 
earlier Bronze Age because they could be smelted at 
lower temperatures than iron. Also, copper occurs both 
in minerals and on its own as native copper, whereas 
iron is almost always combined with other elements, in 
compounds such as hematite (iron oxide). This and 
other iron-bearing minerals are iron ores, and to 
extract the iron the ore must be smelted. 

This involves heating the iron ore to a very high 
temperature — iron melts at 1535°C. To achieve this 
temperature the iron ore is heated in a stream of air. 
Oxygen in the air increases the temperature, which 
helps to remove impurities, leaving liquid iron behind. 


An aerial view of one of the best-known and most 
impressive British Iron Age fortifications: Maiden Castle 
in Dorset. 


It is not known exactly when iron was first smelted — 
people in different parts of the world made the 
breakthrough at different times. Some examples of 
ironwork found in the Near East and in Egypt date 
from as long ago as 3000 BC, but these are very 
rudimentary and nothing like as hard as comparable 
objects made from bronze. 

Hammered iron was known in Egypt by about 
1350 Bc. From 1200 BC migrants carried iron 
technology throughout southern Europe and the 
Middle East. 

The Iron Age began in Britain between about 800 
and 500 Bc, at about which time people there first 
used iron for tools, weapons, vehicles and art objects. 
In central Europe and northern Italy, the earliest use of 
iron is thought to have occurred between about 800 
and 750 BC in what is known as the late urnfield 
culture. Urnfield people — ancestors of the Celts — 
originated in parts of what is now Hungary and 
Romania in the second millennium BC. By about 750 
BC they had spread to southern France, north-east 
Spain and Sicily. Urnfield people built hill forts, 
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The Iron Age 


cremated their dead and interred the ashes in pottery 
urns — hence their name. 


The Iron Age in Europe is often divided into two 
periods. The earlier is known as the Hallstatt Period, 
and is named after the cemetery in the Salzkammergut 
of Austria where more than 2,000 burial sites have 
been found. Some of these graves contained beaten 
iron vessels, a few contained bronze armour and one 
grave gave up a spectacular four-wheeled wagon. 

The second part of the Iron Age is called the La 
Téne Period, and is named after a site on the eastern 
banks of Lake Neuchatel in Switzerland. La Téne 
was excavated between 1907 and 1917 and it is the 
location of many significant Iron Age finds. The burial 
sites there show Greek and Italian influence, while the 
art features both representational and abstract forms. 
La Tene art — especially the decoration of weapons and 
ornaments — developed in the fifth century BC and 
reached Britain by the first century BC. 


Outside Glastonbury in Somerset, England, there is a 
well-preserved Iron Age village consisting of about 90 
lake dwellings. In and around them were found iron 
tools complete with wooden hafts and many other 
objects including baskets, tools decorated in La Tène 
style and dugout canoes. It is clear that, by this time, 
trade and other forms of contact were well established 
between far-flung groups of people. 

The first lake dwellings were discovered in 
Switzerland during the dry summers of 1853 and 1854 
when a fall in the water level of Lake Zurich revealed 
stumps of piles that had supported houses on stilts. 


A fine collection of 
typical European Iron Age 
tools and weapons, all 
dating from about 700 Bc. 
The handles of these 
implements - which have 
all unfortunately been 
lost or destroyed over 
time - were generally 
made of wood. The 
photograph shows a 
complicated fishing hook, 
an axe head and two 
spear points. 


An Iron Age horse bit 
from the sixth century BC 
that was found at Bylan 
near Cesky Brod in 
Bohemia and is now 
displayed in the National 
Museum at Prague in the 
Czech Republic. 


Lake dwellings were built on marshy ground at the 
edge of lakes — probably not right over open water, as 
was once thought — and they were used as bases for 
fishing, fowling and crop cultivation on surrounding 
fertile land. In the British Isles, people sometimes built 
small artificial islands called crannogs (from the Irish 
word crann, meaning tree). The best preserved 
crannog dates from the early Christian period and is 
to be found at Lagore in County Meath, Ireland. 


The Iron Age began in China in about 600 Bc. The 
Chinese developed superior blast furnaces and 
technical apparatus that did not appear in the west 
until the Middle Ages, as well as sophisticated 
implements such as axes, adzes, sickles and hoes that 
revolutionised Chinese agriculture. 

In Africa, the Iron Age dates from about the sixth 
century BC. Iron tools were found at sites on the 
eastern bank of the River Nile in an area that once 
formed part of the ancient kingdom of Neroe. By the 
second century BC, iron working had begun in the area 
surrounding Lake Chad, and from there it spread 
quickly throughout the rest of Africa. 

In Europe, the Iron Age is generally agreed to have 
ended by about 15 BC, when the Romans expanded 
their borders to the banks of the River Danube. 
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MAJOR 
MINERAL DEPOSITS 


oday, mining is Spain's second most important 
industry, and accounts for about 10 per cent 
of the country's gross national product. 
Nevertheless, Spain's potential remains greater than 
its achievement to date because many of its minerals 
are inaccessible. 

Mainland Spain occupies an area of some 504,782 
sq km. After Switzerland, Spain is the second highest 
country in Europe, with an average elevation of 660m 
above sea level; a quarter of its surface is higher than 
1000m, while only one tenth is lower than 200m. The 
highest point is Mount Mulhacén, which rises to 
3478m in the southern Sierra Nevada range. 


Central tableland 

Geologically, about half of Spain is made up of 
granites and there is an abundance of limestone, 
especially in the east and north of the country. 

About 40 per cent of Spain lies on a plateau or 
tableland known as the Meseta. This extends across the 
centre of the country and has an average height of 
600-800m. Most of the Meseta is made up of 


san Sebastian ; 


spre ENG 
Pamplona 


æ Alicante 


Spain is Europe's third 
largest country, after 
Germany and France, 
and occupies most of 
the Iberian peninsula. 
The country's great 
mineral resources have 
been exploited since 
before the time of the 
Roman occupation. 


E 


"Balearic Islands 


metamorphic rocks (rocks whose composition has 
been altered by heat or pressure): these are mainly 
schists and gneisses which contain large quantities of 
quartz, feldspar and mica. 

The edge of the Meseta is often marked by cliffs, 
and it is in and around them that much of Spain's 
mineral wealth is concentrated. The problem is that 
many of the most valuable resources there lie deep in 
folded and faulted areas and so it is often difficult to 
extract them economically. Consequently, even today, 
many of Spain's minerals and other resources have not 
yet been industrially exploited to their full potential. 


Coal 

Spain’s leading product in terms of volume is coal, and 
the principal mines are situated in the Asturias and 
Vizcaya regions along the northern coast of the 
country. The problem with Spanish coal is that too 
much of it is low-grade bituminous coal and lignite, 


"and there is insufficient high-grade coking coal for the 


large steel industry based on the plentiful iron ore 
deposits around Bilbao. 


Spai 


On the mineral tra 


Mercury 

'The ancient mines of Almadén, near Ciudad Real, 
contain the world's most important deposit of 
cinnabar, the ore from which mercury is obtained. 
This is Spain's most valuable mineral deposit, and 
Spanish mercury is used all over the world in 
thermometers (and used to be used in dental fillings). 

Zinc is another great national resource. Spain is the 
world's sixth largest producer of this metal, and 
approximately a quarter of a million tonnes are mined 
each year for use in galvanisation and various alloys, 
including brass and bronze. 

Throughout the country there are abundant 
deposits of fluorite. This mineral is used as a flux in 
the smelting of iron; in addition, it is used in the 
manufacture of hydrofluoric acid, which is highly 
corrosive and used to etch glass. 

Spanish lead production is increasing, and to this 
end substantial drainage work has been carried out 


4 A specimen of mercury, 
Spain's most valuable 
treasure of the Earth. 


across the country to 
lower the water table and 
thus make the ores more 
easily accessible. 

There are also 
important deposits of 
copper to the north-west 
of Seville and deposits 
of tin north of the 
River Guadiana near 
the border with Portugal. 
Spain is among Europe's 
leading producers of all 
three metals. 


Uranium 

Iron, lead and mercury have all been mined in 

Spain since it formed part of the Roman empire 

over 2000 years ago. In contrast, the latest addition to 
the long list of Spanish minerals is uranium, major 
deposits of which have been discovered quite recently 
outside Barcelona. 

Spain has small petroleum deposits which are 
insufficient to satisfy domestic demand, so the balance 
has to be imported. The main petroleum finds have 
been in the Castilian highlands north-east of Burgos, a 
at Amposta on the delta of the River Ebro and also 
offshore in the Mediterranean Sea near Tarragona. 


Among Spain’s many other mineral deposits are 
aluminium, gypsum, potash, sulphur and tungsten. 


v A panoramic view of the Sierra Nevada mountain 
range in the southern region of Andalucia. 


Published Fortnightly £3.99 
(R.O.1. €5.95 inc. VAT) 


] Indian Jade 
with this issue (Jadeite) 


Atacamite — mined for its 
copper content 


Ulexite — mineral with an 
unusual property 


7 


: 
a : N 
DEAGOSTINI CN 9 "771749"962041 


IT'S EASY TO CONTINUE 
YOUR COLLECTION 


— OF THE ————— e Ask your newsagent to reserve future 


issues for you to collect on 
a fortnightly basis. 
* Receive your issues by post. 


THE MINERAL AND GEMSTONE COLLECTION Ring the order line for more information: 
UK and Ireland: 0870 890 2730 


Contents Issue 17 Australia: (03) 9872 4000 


New Zealand: (09) 308 2871 
South Africa: (011) 265 4304 


Jadeite (indian Jade) * Or visit the De Agostini website at: 


MINERALS —M— HN UK: www.deagostini.co.uk 


- AUS: www.deagostini.com.au 
Ulexite SA: www.deagostini.co.za 
: NZ: .d ini.co. 
Atacamite www.deagostini.co.nz 


Gehlenite Missed a copy? 
Ring Customer Services 
DISCOVERY: UK: 0870 870 2575 


See "e Australia: (03) 9872 4000 
ubic crystals New Zealand: (09) 308 2871 


South Africa: (011) 265 4304 


THE STORY OF THE EAR" 
Mining 


gi 
‘a Organise your 


“THE ART OF COLLECTING - eel magazines in these 


i specially designed 
Setting up a home laboratory 17-18 binders. 
Visit the De Agostini 
website or ring 


This product is not a toy. After handling, wash hands with plenty of water. ) - : Customer Services 
Avoid contact with mouth. Keep out of reach of small children. T for details 


Specimen supplied with this issue 


PICTURE CREDITS: Chris Linton/De Agostini: Discovery 40; DeA 


RE ^ ) : 1 Picture Library: Front cover, Gemstones, Minerals, Discovery 39, 
10p Sl e Collecting; Science Photo Library: Story. 
Mineral Y . Editorial and Design by The Brown Reference Group plc 


ISBN 07489 7913 |  NI7 07 1128 
Printed in the EU 


TREASURES 


= oe THE 


COLLECTION : 
AL AND GEMSTONE s m; in 
THE MINER m oe © 2007 De Agostini UK Ltd, 
~ Griffin House, 161 Hammersmith Road, London W6 8SD 
© 2007 De Agostini Editore SpA 
Find out 


about actinolite, 
muscovite and torbernite, 
and discover the secrets 
of tetragonal crystals 


..and more! 


Jadeite is one of the two sources 


of the precious gemstone jade 


that is widely used in beads and 


ornamental carvings. 


adeite is usually green, but it may also be white, 

grey, brown, lilac, orange, red or yellow. 

The green gem-quality form is known as 
imperial jade. This is very valuable and has 
been used as decoration for many centuries, 
especially in the Far East. 


Similar mineral 

Jade was once thought to be made up of a single 
mineral. But then, in 1863, scientists discovered that 
there were in fact two different materials from which 
jade could be derived — one of these is jadeite and the 
other is nephrite. 

Although jadeite and nephrite are quite similar in 
appearance and are both silicate minerals, jadeite is 
slightly harder at 64-7 on the Mohs Scale of hardness, 
while nephrite is rated at 5—6. Their specific gravity 
is similar, that of jadeite being 3.245 and that of 
nephrite 3.0—3.4. 

Jadeite jade is rarer than nephrite jade. Both occur 
in a wide range of greens, varying from very pale to 
very dark. 


Pyroxenes 

Jadeite is a pyroxene, one of a group of silicate 
minerals with the general chemical formula ABSi,;O, 
in which ‘A’ may be one of the metallic elements 
calcium, sodium, magnesium or iron, while 'B' 

may be magnesium, iron, chromium, manganese 

or aluminium. Jadeite itself is a silicate of sodium, 
aluminium and iron. 

Other pyroxenes include augite, diopside, enstatite 
and hypersthene. Although nephrite is also a silicate 
mineral, it is not classified as a pyroxene because its 
chemical formula is different — nephrite contains 
calcium, magnesium and iron, together with eight 
atoms of silicon and 22 atoms of oxygen. 

Imperial jade derives its green coloration from the 
presence of chromium impurities within its structure. 
Some specimens of jadeite jade develop a brown 
surface covering of iron oxides — this is caused by 
weathering. When the gems are fashioned, these 
brown layers are fully incorporated into the designs 


A Massive jadeite and (inset) jadeite cut in a cabochon. 


AA The brown streaks on the face mask were caused by 
oxidisation of the original jadeite before it was carved. 
Older jade ornaments tend to show pitting in their 
surfaces, but such imperfections can now be eradicated 
by the use of sophisticated modern abrasives. 


CHARACTERISTICS 


Jadeite is a member of the pyroxene branch of the 
silicate group of minerals. The mineral is made up of 
tiny crystals that interlock very closely. These crystals 
usually have grooves (striations) running along their 
surfaces, and they quite often grow together (that is, 
they are twinned). 

In addition to being pretty hard - it scores 64-7 
on the Mohs Scale - jadeite is also an exceptionally 
tough material: it is insoluble and can be cleaned 
with dilute acids. 

Some jadeite has a surface covering of iron oxides, 
giving it a brownish appearance. There is a dark green 
to black variety of jadeite called chloromelanite. 


GEN 


Precious stone 


FACT FILE 


JADEITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Na(Al,Fe)Si,0, 

Hardness: 6-7 

Density: 3.245 

Cleavage: Good 

Fracture: Splintery 

Colour: White, green, grey, brown, lilac, red, yellow 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: Weak 


Many deposits of jadeite occur in altered olivine-rich 
igneous rocks. It is also found as nodules in the 
sedimentary rock chert. 

Jadeite usually occurs in pebbles and boulders 
that have been moved from their original locations by 
water (alluvial deposits). 

The best jadeite comes from Myanmar. Other 
deposits have been found in Guatemala and Mexico, 
where jadeite has been mined since the 16th century, 
and also in China, Japan, New Zealand and Tibet. 
Jadeite is also mined in San Benito and Contra Costa 
Counties, California, USA. | 


and no attempt is made to remove or hide them 
because they are thought to enhance the beauty of 
the ornament. 


Cuts and fakes 
Gem-quality jade is very rare. It is extremely difficult 
to work into decorative shapes because its structure is 
so compact. Jade is not cut in facets, but usually 
fashioned into beads and ornamental carvings. It may 
occasionally be cut in cabochons. This is one of the 
oldest fashioning styles which involves smoothing the 
surfaces of the gems into highly polished dome shapes. 
Many jade ornaments, both ancient and modern, 
come from China. The mineral that is most commonly 
passed off as jadeite jade is bowenite, a variety of 


4 » Two examples 
of professionally 
crafted jadeite art. 


serpentine that is much softer and easier to work than 
genuine jade. Bowenite may be stained green to increase 
its resemblance to real jade and increase its value. 

Another mineral that is sometimes mistaken or 
substituted for genuine jadeite jade is the so-called 
‘Indian jade’. Despite its promising name, this mineral 
is in fact aventurine, a green variety of quartz. 


History 
Jadeite jade has been used in China since the 18th 
century. Any earlier Chinese jade is made of nephrite. 
Some Chinese people used to put jade in the 
foundations of their houses because they believed it 
would prevent them from being struck by lightning. 
Most Chinese imperial jade was originally mined in 
Myanmar, which is still the most important source of 
jadeite gemstones. However, these deposits were quite 
small, and it was not until a major find was made in 
northern Myanmar in 1784 that there was enough 
imperial jade to make it commercially viable for export. 
The ancient civilisations of South and Central 
America used jadeite jade, and Spanish conquistadores 
found jadeite deposits in Central America in the 16th 
century. They believed that it cured illnesses of the hip 
and kidney and called it piedra de hijada (loin stone) or 
piedra de los rifiones (kidney stone). 


Ulexite has slender 
crystals that may grow 
in radiating groups that 

sometimes resemble cotton balls. 
Despite its softness, ulexite is highly 
sought after by collectors for its unusual 
'fibre-optics' property. 


lexite is always white or colourless. Some 

specimens are transparent and have the 

capacity to transmit images from one end of a 
needle-shaped (acicular) crystal to the other like a 
fibre-optic cable — this is the origin of ulexite's 
alternative name ‘television stone’. Ulexite is named 
after George Ludwig Ulex, the German chemist who 
first discovered it in 1850. 


Evaporites 

Ulexite forms through the evaporation of salt water 
(brine). Minerals that are created in this way are 
called evaporites, and they are sub-divided into two 
categories: those that come from seas (these include 
gypsum and halite) and those that come from salt 
lakes. Ulexite is a member of the second group, other 


A An aggregate of ulexite crystals from Bigadic, Turkey. 


A> Acompacted mass of ulexite from California, USA. 


Ulexite is a member of the borate group of minerals. 
It is a borate of the metallic elements sodium and 
calcium and also contains oxygen and five attached 
molecules of water of crystallisation. 

Ulexite crystals belong to the least symmetrical of 
all the systems, the triclinic: 
no face has the same 
dimensions as any other, 
and none of the faces is at 
right angles to any of the 
others. 

Crystals of ulexite are 
very soft, scoring only 27 
on the Mohs Scale of 
hardness, and can be 
marked easily with a coin. 
The density of ulexite is very . 
low, at 1.9-2. Its cleavage 
is perfect. 

When held over a naked 
flame ulexite melts (fuses) 
easily, and when it does so it 
swells and colours the flame 
yellow. The characteristic 
lustre (sheen) of ulexite 

may be vitreous (glassy) or silky. 
Ulexite is sometimes mined as a source of boron. 


» v Two ulexite specimens ORIGINS and DISTRIBUTION 


from Turkey. Ulexite is 
sometimes mined as a Ulexite forms in sedimentary rocks in borax deposits where it is often accompanied 
source of boron, which is by colemanite. It may also occur with borax in surface deposits in arid areas. 

very valuable and has Most ulexite comes from dry plains at Tarapaca, Chile. There are further deposits 
many uses in industry, at Salinas de la Punta, Argentina and at Esmeralda, Nevada and Death Valley, 

principally as a steel Desert Wells, Kern County and Los Angeles County, California, USA. It is also found at 
hardener. Bigadic in Turkey and 

around the 
landlocked 
Caspian Sea. 
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members of which include blódite, borax, colemanite 
and danburite. 

Evaporites are very important in industry, 
providing, among other things, most of the world's 


table salt (halite). 


Treatment 
Ulexite absorbs water from the air, and it should 
therefore be kept in a sealed container with silica 
gel which will attract the water in the air away from 
the specimen. 

Although ulexite is too soft and fragile to be 
used in decorative jewellery, it appeals to mineral 
collectors because of its unusual ‘fibre-optic’ property 
that transmits images from one surface to another. 


FACT FILE 
ULEXITE 


Group: Borates 


Crystal system: Triclinic 

Chemical formula: NaCaB;0,(0H),.5H;0 
Hardness: 2 

Density: 1.9-2 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, colourless 
Streak: White 
Lustre: Vitreous to silky 


Fluorescence: Green-blue 


i Atacamite - 


Pa. 
Atacamite contains copper, and, v. di. VEA 
when the mineral occurs in , bx 
sufficient quantities, it is mined 
for use in industry. 


tacamite derives its green colour from the 

copper it contains. It is named after the 

Atacama Desert in Chile, where the world's 
main deposits are located. 


Halides 

Atacamite is a halide mineral. All halides 
contain one of the halogen elements 
(bromine, chlorine, fluorine and iodine). 
Some halides are formed by the 
evaporation of salt water from landlocked 
seas and salt lakes. The best known 

halides are fluorite, which is used in the 
manufacture of steel, and halite (table salt). 


Uses 
Atacamite can be useful in industry, but only 
if it is found in sufficient quantities to make the 


AY The photographs on this page show two masses of 
atacamite crystals from Chile. Although Chile is the 


_ minerals. It is made up of the elements copper, world's main source of atacamite, the mineral is also 

_ chlorine, oxygen and hydrogen. found in small quantities in the British Isles, especially 
| 

|  Itscrystals are slender, prismatic and tabular in at Botallack in Cornwall. 


appearance, and the faces often have grooves 
(striations) running the whole length of their surfaces. 
Individual crystals often grow from a common face, 
creating an effect known as 'twinning'. The twinning 
of atacamite is particularly complex. 

When it does not form in crystals, atacamite may 
| occur in shapeless masses, fibres or in sand-like 
. granules. 

Atacamite is a fairly soft mineral, scoring 
5-34 on the Mohs Scale. It is quite heavy, weighing 
more than three and a half times the equivalent 
volume of water. 

Atacamite has a glassy (vitreous) to diamond-like 
. (adamantine) sheen (lustre). 

If a specimen of atacamite is rubbed on a piece of 
unglazed white porcelain, it will show a distinctive 
apple-green streak. 


« 


extraction of copper commercially worthwhile. 
At the moment, it is only mined from the abundant 
copper deposits that are found in the desert regions 


of Chile. 


Tests and treatment 

Atacamite does not effervesce when it is dissolved in 
hydrochloric acid, and this is one way in which it is 
distinguished from malachite, which does fizz when it 
is placed in this acid. 

Atacamite crystals belong to the orthorhombic 
system. They have flattened sides that look like table 
tops. When atacamite is held over a naked flame it 
fuses (melts) and colours the flame blue. 


Widespread mineral 


ATACAMITE 


Group: Halides 


Crystal system: Orthorhombic 
Chemical formula: Cu;Cl(OH); 
Hardness: 3-37 

Density: 3.76 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Dark green, bright green 


Streak: Apple-green 


Lustre: Vitreous to adamantine 


Fluorescence: None 


Atacamite is a mineral that only ever forms as the 
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result of a chemical alteration to a previously 
existent, primary mineral. Thus, it is known as a 
secondary mineral. 

The primary minerals that form the basis of 
atacamite are all copper compounds. 

Atacamite is sometimes found in and around the 
vents of volcanoes. It originally formed there after 
gaseous substances were thrown out during 
eruptions. These substances then changed directly 
from vapours to solids, bypassing the usual 
intermediate liquid stage. The scientific name for 
this process is 'sublimation'. 

The world's main atacamite deposits are found in 
northern Chile, especially in the Atacama Desert from 
which the mineral takes its name. 

Elsewhere, the mineral occurs in Wallaroo, 

South Australia; Bolivia; the solidified lava of Mount 
Vesuvius in Italy; Kazakhstan; Mexico; Argentina; 
Namibia; Peru; Russia; and Arizona, California, Utah 
and South Dakota in the USA. 

In the British Isles atacamite is found at the 
Botallack Mine, St Just, Cornwall. 


Y A specimen of atacamite with dark green 
aggregates. This green colour is typical of 
atacamite. 


Gehlenite 


Gehlenite forms in very simple crystal shapes. 
it is widely distributed, but never occurs 
in large quantities. 


fN ehlenite is often green in colour, but it may 
& also be brown, greyish, yellow or altogether 
colourless. It is named after A.F. Gehlen 
(1775-1815), the German chemist who first 
identified it as a distinct mineral. 


Melilite group 

Melilite is a silicate that contains the metal calcium 
and gives its name to a small group of similar 
minerals including gehlenite and akermanite. 

Gehlenite was first discovered in northern Italy at 
the beginning of the 19th century. Although never 
spectacular in appearance, gehlenite is of some 
scientific interest because it is a good example of a 
mineral which has formed in areas where heat has 
caused recrystallisation of limestone rocks to form 
marble, a metamorphic rock. 

Gehlenite is found in small deposits in many 
locations throughout the world, and it is therefore 
classified as a widespread mineral even though it is 
not common. 


A Prismatic crystals of gehlenite from northern Italy. 


Treatment 

Gehlenite is soluble in strong acids, but it can be 
cleaned without damage by dilute acid and this is 
the best method of removing crystal specimens 
from the rock in which they are usually found 

in the Farth. 
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Most gehlenite occurs in calcium-rich rocks of 
volcanic origin. Some specimens are found in 
limestone rocks that have been altered by heat 
(thermally metamorphosed) to form marble. 
Although gehlenite is a widespread mineral, it is 
never found in large quantities. The world's main 
deposits are found in the northern Trento region and 
around Lazio in Italy; in Durango State, Mexico and in 
Riverside County, California, USA. 
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Widespread mineral 


GEHLENITE 


Group: Silicates 


Crystal system: Tetragonal 


Chemical formula: Ca,Al,Si0, 


Hardness: 5-6 


Density: 3.04 


Cleavage: Distinct 


Fracture: Conchoidal to uneven 


Colour: Green, brown, colourless 


Streak: Colourless 


Lustre: Vitreous to resinous 


Fluorescence: None 


v Gehlenite on a calcite base. 


A A mass of prismatic gehlenite 
crystals. The specimens above 
and left on this page come from 
Trento in Italy. 


largest and most abundant category of minerals on 
Earth with more than 600 members. It is a silicate of 
calcium and aluminium. 

Crystals of gehlenite are short and prismatic. They 
roughly resemble elongated cubes in which three 
faces are at right angles to one another but only two 
are equal in length, breadth and height. Such crystals 
belong to the tetragonal system. 

However, most gehlenite forms in non-crystalline 
lumps (massive habit) or in small, sand-like grains 
(granular habit). Gehlenite is usually found set in 

. Calcite, which can be safely dissolved away by a 
very dilute solution (about 3 per cent) of 
hydrochloric acid. 

The sheen (lustre) of gehlenite specimens can be 
either glassy (vitreous) or resinous. 

Although gehlenite is quite a fragile mineral, it is 
moderately hard, and scores 5-6 on the Mohs Scale of 
hardness. It can be easily scratched by quartz. 

Gehlenite weighs just over three times more than 
the equivalent volume of water. Its streak is 
colourless. 


Cubic crystals 


DISCOVERY 


Crystals that are classified in the cubic crystal system are often cube-shaped, like 
dice, with three pairs of sides which are the same length, breadth and height. In 

addition, three of the angles at which the crystal faces intersect are right angles 

(90°). Many crystals in this system have eight or 12-sided shapes, but these are still 


said to belong to the cubic system. 


Some cubic system shapes 
The simplest cubic minerals and gemstones owe 
their distinctive shapes to the position of their 
component atoms on the eight corners of their 
structure. Crystals in this form are simple cubes. 
The cubic crystal system is defined by three axes of 
symmetry (crystallographic axes). These are of equal 
length, and are all at right angles to each other (see 
diagram on next page). As well as the cube, which is 
the most symmetrical form in this system, a great 
many other shapes exist that have the same three 
crystallographic axes. 


Cubes and octahedra 

For example, fluorite, which is a common mineral 
within the cubic system, may form as cubes or 
octahedra, which are eight-sided shapes (each side 
being a triangle) looking like two pyramids joined at 
their bases. 

A more complex shape is the rhombdodecahedron, 
which has 12 faces, each one being a rhombus. This, 
too, is within the cubic system because it has the same 
three axes of symmetry. 


A A crystal of native copper from 
Michigan, USA. This is an unusual specimen, 
as metals very rarely form as crystals. 


A A crystal of cuprite from Chessy, Rhone, France. 


Among the better known minerals with a cubic 
crystal structure are: 


analcime 
bornite 
chromite 
cuprite 
diamond 
fluorite 


galena 
garnet 
halite 
lazurite 
magnetite 
pyrite 


sodalite 
sphalerite 
spinel 
tetrahedrite 
uraninite 


<A polished 

specimen of 

spinel, which 
has a cubic 
crystal 
structure. 
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Cubic crystals 


A Halite, which has a cubic crystal structure. 


Halite and pyrite 
One of the best known and most readily 
obtainable minerals with a cubic crystal 
structure is halite, from which common 
table salt is derived. 

All halite crystals belong to the 
cubic system, but there may be slight 
variations in shape. Many specimens, 
for example, have concave faces — these 
are known as hopper crystals. More 
rarely, halite crystals may appear in 
eight-sided (octahedral) shapes. 

Pyrite (iron sulphide or fool’s gold) is 
one of the world’s most common minerals, 


known as an ‘iron cross’. 


p 
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< A specimen of pyrite (iron 
sulphide or fool's gold). Pyrite 
often has cubic crystals. 


v A diagram showing 
the three axes through 
which a cubic crystal 
should be rotated to 
reveal its symmetry. 


and fine specimens are quite easy to obtain. It 

often has cubic crystals. Individual crystals may be 
interlocked to create the effect known as ‘twinning’. 
When two crystals of pyrite are twinned at right 
angles to one another, the resulting shape is sometimes 


Some typical cubic system crystal shapes: 


4 Pyritohedron 
v Rhombdo- 
decahedron 

v 4 Cube with 
octahedral faces 


Mining began in prehistoric times when 
Man first searched for flints to use as 
knives and spearheads. 


he first mines were built on sites where valuable 

materials were close to the surface and easy 

to get at. An example is Grimes Graves, in 
Norfolk, which consists of a collection of 1,700 pits 
dug by Neolithic men to obtain flints, which were 
probably used to make axe-heads for clearing 
woodland. For a while, these surface deposits were 
sufficient for the needs of primitive Man, but as 
society advanced, it became necessary to delve deeper 
into the Earth and extract ores that did not give up 
their treasures so easily. 

Although little is known about early mining 
techniques, it is certain that by the Middle Ages 
shafts were being sunk into the ground. Minerals were 
extracted from rocks by alternately heating and then 
dousing them with cold water until they cracked open. 
Nowadays, before the excavation of a mine 

commences, it is very important to locate the exact 
position of the mineral deposits as accurately as 
possible. Despite all the impressive modern 
instrumentation that is brought in to help study the 
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The pit head at the now 
disused Haig Colliery in 
Whitehaven, Cumbria, UK. 
The coal from mines like 
this was extracted by the 
underground mining 
method. Once it had been 
brought to the surface, 
the coal would be broken 
up into suitable sizes for 
transportation to power 
stations and coal 
merchants throughout 
the country. 


likelihood of various minerals being present in a 
certain spot, the fact remains that many prime sites are 
still discovered today by pure chance. 

There are many examples of this: the lead, silver 
and zinc mining district of Coeur d'Alene in Idaho, 
USA, was found by accident when a prospector 
chasing a runaway mule happened to notice fresh 
minerals exposed in a broken boulder nearby. In 
Germany in 1960, scientists searching for oil 
happened quite fortuitously upon extensive iron ore 
deposits near the ancient Salzgitter mines. 


Although lone prospecting on the off chance of 
making a major discovery is neither pointless nor 
unknown, most fruitful searches for mining sites are 
carried out by large industrial companies whose 
experts are sent all over the world with a wide range 
of advanced equipment. 

Modern prospectors still use traditional pans 
similar to those used in the great 19th-century gold 
rushes for separating potentially valuable heavy 
minerals from worthless sands. If they are looking for 
fluorescent minerals, they may carry ultraviolet 
torches. Beryllium ores are detected with an 
instrument called a berylometer, which uses 
radioactivity to detect the presence of beryl. 
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Magnetometers are used to locate magnetic ores, 
and gravimeters identify variations in the density of 
the Earth: such differences offer important clues to the 
composition of underlying rock strata. Satellite 
photographs using infrared heat-measuring 
(thermographical) equipment can show not only 
mineral deposits but also any geological faults in the 
land that might make mining especially hazardous. 

There are many signs on the surface of the Earth 
that may indicate the presence of mineral wealth below 
it. For example, red rock or soil may indicate the 
oxidation of iron products. When decomposed rocks, 
called ‘gossan’ or ‘iron hat’ — which are made up of 
quartz and iron compounds — are found in the outcrop 
of a vein (‘lode’), they may hint at the presence of gold, 
lead and zinc or bauxite, the ore which contains 
metallic aluminium. Manganese can sometimes be 
detected by black or brown surface stains known as 
'desert varnish'. Rocks with an unusual bright yellow 
coloration may indicate that uranium-bearing minerals 
lie below the surface. Strong green and blue colouring 
may sometimes be caused by the presence of copper, 
while pale green may mean that nickel or arsenic can 
be found close by. 

Surface rocks are not the only materials that 
provide clues to the underlying deposits — plants can 
also be noticeably affected by mineralised ground. 


Dinosaur Cove at Cape Otway in Victoria, Australia, is 
the first mine to have been developed specifically for the 
excavation of fossils (palaeontology). In this photograph, 
a mining engineer is laying explosive charges in 
boreholes. The long pole on the left is used to push the 
dynamite charges deep into holes drilled in the rock face. 


Rock and debris being removed by train from a silver 
mine in Taxco, Mexico. 


Some mustards and pinks are fairly reliable indicators 
of the presence of zinc. Pinks may also suggest the 
presence of copper, as too may mints and mosses. In 
Colorado, USA, members of the pea family have been 
used to detect uranium ores. In the Peruvian Andes, 
the distribution of a poison vetch has been mapped in 
an effort to locate radioactive areas. Aluminium 
deposits cause stubby roots and scorched and mottled 
leaves in plants that grow above them. Nickel in the 
soil causes dead white spots on the leaves of local flora. 


Underground mining sometimes involves drilling 
down vertically and then tunnelling horizontally below 
the surface of the Earth. The materials extracted by 
digging, drilling or blasting are then brought to the 
surface by hoists. 

Boulby mine, near the coast of Yorkshire, is the 
deepest mine in the UK, at over a mile in depth. 
Opened in 1973, it is the only potash mine in Britain, 
producing potash for use as a fertiliser. In addition to 
sylvite, which is the main source of potash, the mine 
also produces halite, most of which is used as road salt. 
In the mine, pillars are left uncut to support the roofs 
of the horizontal galleries, some of which stretch three 
miles out under the sea. 

Another form of underground mining is drift 
mining, which involves digging out a more or less 
horizontal seam by tunnelling into a hillside or cliff. 

In opencast mining no shafts are dug. Soil and rock 
are dug out from the surface to expose the valuable 
materials below. When this debris is removed a large 
open pit is left. Upon completion of mining, the soil 
and rock can be replaced and the area landscaped. 


| 
| 
| 
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Setting up 


el 


à 


home laboratory 


Although it is possible to have a home 
laboratory full of expensive equipment, 
a perfectly serviceable basic home 
laboratory can be set up at moderate 
cost. The main purposes of a 
mineralogical laboratory are to remove 
mineral specimens from large pieces of 
rock, to clean the specimens and to 
carry out various tests on them to 
establish their identity. 


TY he most basic requirements for any 
mineralogist's home laboratory are shelves, a 
sturdy table or desk and a chair. Ideally, you 

should also have electrical power points and running 
water near your desktop, although in the absence of a 
water tap you can always bring in bowls or buckets as 
they are needed. 


Stacking crates are very useful for storing specimens 


that you have acquired but have yet to accession (see 
The Art of Collecting 15). 

All hammers and chisels should be hung on wall 
hooks out of harm’s way. A small wooden block like a 
kitchen chopping board is also useful for hammering 
on because it prevents damage to other surfaces. For 
safety, make sure that you always wear goggles to 
protect your eyes when working on a mineral or 
gemstone specimen, and that these are kept in the 
same place readily to hand. It is very important that 
you never hammer without them. 


For cleaning specimens, you should keep a bottle of 


distilled water which should be applied with a cloth, 


v The equipment shown here includes (clockwise from 
top left) essential safety wear (face mask and goggles), 
different-sized brushes made of wire and horse hair, 
large and small clamps for holding specimens while 
working, an ultrasonic bath for cleaning specimens 
and a chopping board. 
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Setting up a home laboratory 


Y A metal-framed shelf unit with glass shelves 
containing an attractive collection of minerals. 
Mineralogical specimens can also be housed on 
cheaper wooden or laminate shelving. 


sponge or brush. More advanced mineralogists will 
use a jet spray for this purpose. 

Hand lenses are essential tools for any mineral 
collector. They typically give about 10x magnification 
and, of course, they are readily portable on field trips. 
One step up from a lens is a microscope which enables 
you to view small specimens of rocks, minerals or 
fossils in even greater detail. A stereo microscope 
capable of 15x magnification is ideal for this purpose. 
Microscopes with built-in lighting cost only a little 
more than the basic, unilluminated versions. Also 
worth considering are pocket-sized viewers called 
‘penscopes’, some of which give up to 30x 
magnification and, unlike desktop microscopes, can 
be taken on field trips. 


Handle with care 

Some minerals can be effectively cleaned only with 
dilute acids, but you should neither keep nor attempt 
to use these dangerous liquids without adult 
supervision. When working with acids you should 
always wear gloves and eye protectors. The acid should 
be applied sparingly using a pipette with a rubber 
suction bulb at one end. 

Portable ultraviolet lamps are used for viewing 
fluorescence in minerals. They are not expensive and 
come in two forms — short-wave and long-wave. 
Because these instruments emit radiation, they 
need to be handled with great care and never without 
adult supervision. 

A vital piece of identification equipment is a 
hardness testing kit. This can either consist of a set of 


à This rock specimen is too large to be clamped in a vice. 
Note both the wooden block and the protective glove 
worn by the mineralogist. Protective goggles should also 
be worn to prevent stray fragments injuring the eyes. 


special ‘hardness pens’, each of which is tipped with a 
mineral representing a different point on the hardness 
scale, or you can make up your own kit using a few 
common minerals and everyday objects, such as a coin. 

You may wish to smooth and polish your own 
specimens. Tumblers for this purpose are easy to get 
hold of and are quite reasonably priced. 


Finally, here is a brief checklist of some of the most 
useful tools for your home laboratory: 


CHISELS: a set with blades measuring between 0.6 
and 7cm in width. 


GEOLOGICAL HAMMER 

HAND LENSES 

HARDNESS TESTING KIT 
MICROSCOPE OR PENSCOPE 
PIPETTE for applying dilute acids. 
SAFETY GOGGLES 


STREAK PLATES - these are unglazed pieces of white 
porcelain for scraping specimens on to determine 
their characteristic streak (see the Fact File boxes). 


TAPE MEASURE: the retractable, steel type is best for 
mineralogy. 


TUMBLERS for polishing your specimens. You will also 
need grits for the abrasion process. 
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Diopside is sometimes found in 
meteorites, as well as in many places 
on Earth. It is a mineral with many 
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he classic diopside colour is green, but it may 
also be reddish brown, grey, yellowish, white 
or colourless. 

Diopside has prismatic crystals. It often 
occurs as grains or in forms with no specific 
shape (massive habit). It is a fairly hard mineral, 
measuring 5% to 6% on the Mohs Scale of 
hardness, and is transparent to almost opaque, 
with a glassy (vitreous) lustre. Crystals 
sometimes show the effect known as 
asterism — when inclusions cause light 
to produce a star shape in a gemstone. 

e In the case of diopside this is a four- 


pointed star. Diopside may also be 


A A bundle of diopside crystals 
from Piedmont, Italy. 


v Diopside from Turin, Italy. 


chatoyant, showing an optical effect 
like a cat's eye. The finest diopside is 
used in jewellery and other forms of 
ornamentation, but even specimens 


aegirine, augite, enstatite, 
hypersthene, jadeite and pigeonite. 


Silicates 


that are not gem quality are of great 
interest to collectors. The rare purple 
variety of diopside is called violane. 
Diopside is a member of the 
pyroxene group of minerals. Among 
other well-known pyroxenes are 


> Twinned crystals of diopside 
in the shape of a cross. 


FACT FILE i 


DIOPSIDE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: MgCaSi,0,; 
Hardness: 5/—67 
Density: 3.22-3.38 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, grey, brown, white, yellowish 


Streak: White or grey 


Lustre: Vitreous 


Fluorescence: None 


All pyroxene minerals contain 
silicon and oxygen — hence they 
are classified as silicates — together 
with one or more of the metallic 
elements aluminium, calcium, 
iron, lithium, magnesium, sodium 
or titanium. 

Throughout Treasures of the 
Earth there are many examples of 


Widespread mineral 


minerals which, when they are hit with a geological 
hammer or subjected to similar forms of physical 
pressure, will split along their weakest planes. The 
scientific term for this is cleavage. 


Unusual cleavage 

It is sometimes difficult to distinguish between 
pyroxene minerals, such as diopside, and members of 
the amphibole group of minerals, such as hornblende, 
as they may be outwardly very similar. A good way to 
tell them apart is to look at their cleavage. Both groups 
have two directions of cleavage. The angle between the 
cleavage planes of pyroxene is 90°, whereas amphiboles 
have angles of 60° and 120°. 


Clinopyroxene 
Within the pyroxene group there are two main 
subdivisions — orthopyroxenes and clinopyroxenes. 
Orthopyroxenes contains little or no calcium and have 
crystals which appear in flattened table-top shapes and 
belong to the orthorhombic system of symmetry. 
Clinopyroxenes often contain calcium and 
crystallise in the monoclinic system, in which no pair 


. Diopside is one of about 600 
| silicate minerals. It is a silicate of 
. the metallic elements calcium 
and magnesium and may 
occasionally contain impurities 
of iron (ferrous) oxide. 

Crystals of diopside 
belong to the monoclinic 
. System and usually form in 
short, prismatic shapes which 
have a glassy sheen (lustre). 
In non-crystalline form, the l 
mineral may also appear in 
grains or in sheet-like layers 
(lamellae). | 

Diopside is only moderately 
hard - it scores 54-6% on the l 
Mohs Scale - so this limits the l 
gemstone potential of even the | 
finest specimens. 


| | 


4 Crystals of diopside from 
Val d'Aosta, Italy. 


ORIGINS and DISTRIBUTION | 


Although gem-quality diopside is quite rare, the | 
mineral is fairly widespread across the Earth l 
and even beyond it. It is found in a variety of rocks 
that have been altered by heat and pressure 
(metamorphic rocks) and in some other rocks. 
Specimens of this mineral have occasionally been 
found in meteorites. 


Significant deposits of diopside have been found in 
each of the following countries: Canada, Finland, India, 
Italy, Madagascar, Myanmar (Burma), Russia, Scotland, 
South Africa, Sri Lanka, Sweden and Switzerland. There 
are also major deposits in many parts of the USA, 
particularly in California and Montana. 


of faces is the same length, breadth or height as any | 

other. Diopside is a clinopyroxene mineral. $9 | 
Diopside is often found in metamorphic rocks such | 

as marble, in many igneous rocks and also in some | | 

meteorites. Any impurities attached to the surface of | 

diopside specimens can be removed with dilute acid. | 


MINERALS 


1 Actinolite 9 


Actinolite is a fibrous silicate mineral belonging 
to the amphibole group and used to be the 
main source of asbestos. The variety 

nephrite is often carved into ornaments. 


ctinolite is mainly green in colour, but some 
nv can be a blackish green. Although 

actinolite has the same chemical make-up as 
precious nephrite, the internal structure of actinolite 
is notably less compact than that of the gem variety, 
and it is therefore not practical to use it for jewellery 
and ornamentation because it would be too easily 
damaged. Nevertheless, actinolite can be quite 
beautiful in itself and it has many properties that 
are of great interest to collectors. In the past actinolite 
was of tremendous economic importance as the major 
source of asbestos. Actinolite forms a chemical series 
with tremolite. 


Amphibole group 
Actinolite is a member of the amphibole group of 
minerals. Amphiboles are silicates which usually 


ACTINOLITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Ca,(Mg,Fe);Sig02.(0H), 
Hardness: 5-6 

Density: 3.0-3.44 

Cleavage: Perfect 

Fracture: Uneven to subconchoidal 
Colour: Green 

Streak: White 

Lustre: Vitreous 


Fluorescence: None 


contain the constituents of water (hydrogen and 
oxygen), even though they do not have water itself 
within their structure or attached to it. 

This group of minerals contains a variety of 
metallic elements including magnesium, iron, calcium, 
sodium and aluminium. In many respects they are 
similar to the pyroxene group, being dark coloured, 
relatively hard and above average density, but 


chemically they are different. Amphiboles have (OH), 


A Actinolite crystals 
from Sondrio in 
Italy. Actinolite has 
high mechanical 
sensitivity — this 
means that it can 
be easily damaged 
by handling. 


< Note the dark 
colour of these 
crystals from 
Novara, Italy. 


in their chemical formula, but this is absent from 
pyroxenes because they are formed at much higher 
temperatures. 

Amphiboles are widely distributed throughout 
the world in igneous rocks, especially granite, and in 
rocks that have been altered by heat and pressure 
(metamorphic rocks). One of the most distinctive 
characteristics of amphiboles is that when they are hit 
with a sharp instrument they break off along two lines 


Commonplace mineral 


Actinolite is a member of the silicate group of 
minerals. It is a silicate of the metallic elements 
calcium, magnesium and iron. 

Crystals of actinolite tend to be long and blade- 
shaped, and in many cases the crystal shapes grow 
together in a process known as twinning. 

Actinolite also occurs in fibres, in thin sheets 
(lamellae), in columns, in radiating formations that 
| resemble the spokes on the wheel of a bicycle, as 


grains and in shapeless forms (massive). 
Actinolite is moderately hard, and scores 5-6 on the 
. Mohs Scale: it scratches apatite, but is itself scratched 
by quartz. 
| A Actinolite is a fairly heavy mineral and weighs 
|. about three times as much as the equivalent volume 
| of water. 
When actinolite is struck with a sharp instrument 
or exposed to similar forms of pressure, it breaks off 
cleanly along its structural lines: this is known as 
showing perfect cleavage. In common with other | 
amphiboles, this cleavage follows two different 
lines. | 
Actinolite may be transparent or nearly opaque, | 
and it has a glassy sheen (vitreous lustre). | 
When actinolite is scraped along an unglazed 
piece of white porcelain it will always show a 
white streak. 


v Elongated, prismatic crystals of actinolite on a 
rock base (matrix) from Bolzano, Italy. 


ORIGINS and DISTRIBUTION &* 


Actinolite mainly occurs in metamorphic rocks 
(rocks that have been altered from their original 
composition and structure by heat, pressure ora 
combination of both). Wnen metamorphosed, 
limestone and dolomite (a type of limestone rich in 
magnesium) become marble, which often contains 
actinolite. Actinolite also forms when certain igneous 
rocks, especially dense, dark coloured ones low in 
silica, are metamorphosed. 

Some of the best deposits are in British Columbia 
(Canada), in the Alpine regions of Italy, in New Zealand, 
in Scotland, in Siberia (Russia) and in Alaska and 
California, USA. The Alaskan deposits include 
quantities of nephrite, the gem variety of actinolite. 


of cleavage, and these lines intersect at angles of 120? 
and 60°. 

Among the more common and widely distributed 
members of the amphibole group are the minerals 
anthophyllite, arfvedsonite, cummingtonite, 
glaucophane, hornblende, riebeckite and tremolite. 

The compact variety of actinolite, nephrite, is often 
carved for ornamental purposes. It is sold as ‘jade’, 
together with jadeite, but is much less valuable than 
jadeite. It was not until 1863 that jadeite and nephrite 
were recognised as two separate minerals. 

Actinolite is a pleochroic mineral — that is, one 
which can show different colours depending on the 
angle from which it is viewed. This pleochroism 
increases with the iron content of the specimen. 


Muscovite is used in the 
manufacture of insulators, 
lubricants, paints and artificial 
Christmas snow. 


uscovite may be pale brown, green, silvery 

grey or colourless. It has been used for 

centuries as a substitute for glass because, 
although it has many glass-like properties, it is much 
more resilient than the real thing. Enormous deposits 
were found in Russia, where it was widely used in 
windows and the portholes of ships. That is how it 
gets its name, which is a contraction of “Muscovy 
glass’, Muscovy being the archaic English word for 
Russia in general and Moscow in particular. 

Muscovite is one of the most common forms of 

mica, a widespread mineral which is widely used in 
industry because of its great resistance to electricity 
and heat. There are two basic forms of mica: dark 
mica is rich in iron and magnesium, while white mica 
contains a large concentration of aluminium. In 
addition, there is a series of lithium micas. Muscovite 
itself is a white mica. 


> A A fine specimen of muscovite from 
Bamble, Norway. 


> This green-tinged muscovite gets its 
colouring from the presence of iron or 
chrome impurities (North Carolina, USA). 


MUSCOVITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: KAL(Si;AI)O;4( OH,F); 
Hardness: 24-4 

Density: 2.77—2.88 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Grey, green, brown, colourless 


Streak: Colourless 


Lustre: Vitreous to pearly 


Fluorescence: None 
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Industrial mineral ` 


Industrial uses 
Muscovite has a wide range of practical applications 
and is one of the world's most important minerals: it is 
used in the production of rubber, paper and wallpaper, 
varnishes and ceramics and to make transparent oven 
windows. It also provides a filler for roofing materials. 
There are several different forms of muscovite. 
The microcrystalline variety is called sericite: this 
is a scaly mineral which occurs in fibrous masses. 
Hydromuscovite contains more oxygen and hydrogen 
and less potassium within its structure than the basic 
form of the mineral. Phengite has a higher level of 
silicon and a lower water content. Mariposite has a 
higher concentration of silicon and contains up to one 
per cent chromium oxide. Fuchsite, which may be 


4 Muscovite from 
Como, Italy. 


> Silver-grey 
muscovite from 
Branchville, 
Connecticut, USA. 
Thin plates like 
these are called 
lamellae. 
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minerals. It is a silicate of potassium and aluminium. 
Muscovite crystals are often six-sided, but this | 

appearance is potentially misleading because they 

belong not to the hexagonal system but to the 

monoclinic system in which no pair of crystal faces 

is the same length, breadth or height as any other. 

| The crystals often grow together in a process known 

| as twinning. 

Muscovite may take the form of sheets (lamellae) 

| Or scattered flakes. | 

|  Muscovite is most easily recognised by its 

light, silvery colour and by the fact that, when it is 

hit with a geological hammer or sharp instrument, it 

breaks off cleanly along its weakest planes into thin, 

glittery lamellae. 


recognised by its distinctive green coloration, contains 
as much as five per cent chromium oxide. 


Enormous crystals 

Some crystals of muscovite are huge. One particular 
specimen which was extracted from the Inikurti Mine 
at Nellore on the east coast of India weighed 85 
tonnes. Thin, flattened crystals (lamellae) of mica can 
be bent (flexible) and stretched (elastic). 

Muscovite is also known as white mica or potash 
mica. Despite its softness (Mohs Scale 24-4), it is an 
enormously resilient mineral. It is completely insoluble 
in acids and can therefore be cleaned with dilute 
hydrochloric acid which will effectively remove all 
surface dirt without damaging the specimen. 


 Muscovite is widely distributed throughout the world. 
It occurs in many different types of rock, principally 
granites, pegmatites, schists and gneisses. It is also 
found in rocks formed from pre-existing rocks that 
have been transported and redeposited in new 
locations (sedimentary rocks). It is also a feature of 
crystalline limestones. 

Because muscovite is resilient and survives 
weathering and transportation, it is a common 
constituent of some sandstones and siltstones. 

Very large crystals of muscovite have been 
found in Austria, Brazil, Canada, India, Italy, 

Norway, Russia, Sweden and Switzerland. In the E 
USA the main muscovite deposits are in California, 
Connecticut, North Carolina and at Custer in 


“South Dakota. 


Torbernite contains uranium 
and is radioactive. It is 
therefore dangerous and 
not suitable for amateur 
mineralogists to collect. 
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orbernite is named after the Swedish chemist 
Torbern O. Bergman (1735-1784). It is 


radioactive and always green in colour. 


Secondary mineral 

Torbernite forms when the uraninite in uranium 
and copper ore veins is altered by contact with 
oxygen from water or the air. Torbernite can only 
exist as the result of a chemical reaction to a pre- 
existent substance and is therefore described as a 
secondary mineral. 

Every molecule of torbernite has between eight and 
12 attached molecules of water of crystallisation, some 
of which it gives up easily on exposure to the air at 
normal temperatures. When this occurs, the altered 
mineral is known by a different name, metatorbernite. 
This new substance is slightly harder than the original 
torbernite from which it formed. 

In order to prevent this water loss from taking 
place, scientists either place torbernite specimens 
immediately in an airtight container that contains 
water, or else spray them with a light covering of a 
transparent lacquer. Most mineralogists prefer the first 
method, because spraying alters the appearance of the 
mineral and prevents any further tests from being 
carried out. 


A A group of 
bright green 


torbernite TORBERNITE 


crystals from Group: Phosphates 
Portugal. Crystal system: Tetragonal 
Chemical formula: Cu(U0;);(P0,);.8—12H;0 
4 Plates of Hardness: 2-27 
torbernite Density: 3.22 
from Cuneo, Cleavage: Perfect 
Italy. Fracture: Uneven 


Colour: Green 


Streak: Pale green 


Lustre: Vitreous to pearly 


Fluorescence: None 


Widespread mineral. 


A Tabular crystals of torbernite on a rock base. 
This specimen was found in France. The best British 
specimens come from Redruth in Cornwall. 


Because torbernite is radioactive, it must be 
handled and stored with the strictest safety 
precautions. It is therefore not a suitable mineral 
for amateur mineralogists to collect. 


Metatorbernite 

This mineral is closely related to torbernite. Its 
chemical formula is the same apart from the amount 
of water of crystallisation. While torbernite has eight 
to 12 molecules of water, metatorbernite has eight 
molecules. This makes metatorbernite a more stable 
mineral, as it does not lose water when exposed to the 
air. In museum or university collections both minerals 
need to be kept in properly sealed containers because 
of their radioactivity. Metatorbernite crystallises in the 
same system as torbernite (the tetragonal system) and 
is green in colour, but is slightly more dense at 3.7 to 
3.8 (torbernite is 3.22). 


Good indicators 

These two minerals are good indicators of the 
presence of more highly radioactive minerals including 
uraninite (pitchblende). They are often found in 
mineral veins with autonite, another uranium-bearing 
mineral. The mineral veins in which these minerals 
occur are usually associated with granite and pegmatite 
(a very coarse-grained form of granite). 


. Torbernite is a member of the phosphate group of 


minerals that is made up of the elements copper, 
uranium, phosphorus and oxygen. In addition, it has 


. between eight and 12 attached molecules of water of 


crystallisation. 

Torbernite crystals are usually shaped like 
elongated cubes or table-tops. It also forms in scaly 
masses or in thin plate-like layers (lamellae). 

Torbernite may be transparent or translucent, and 
its sheen (lustre) is glassy (vitreous) or pearly. 

It is a soft mineral and weighs over three times 
more than an equivalent volume of water. 


Torbernite occurs with autunite in the oxidised parts 
of mineral veins containing copper minerals and - 
uraninite. Metatorbernite is also likely to be found 
close by. z 

Among the main locations in which torbernite has 
been found are Puy-de-Dôme, France; Spruce Pine, 
North Carolina, USA and Shinkolobwe in Zaire. 

Further finds have been made around Mount 
Painter in Australia, at Jachymov in the Czech 
Republic, at Mounana in Gabon, around Cuneo in 
northern Italy, at Mangualde in Portugal and in Britain 
at Redruth, Cornwall. i 


Tetragonal crystals 


In their simplest form, tetragonal crystals resemble elongated cubes. 
This form is seldom seen in nature, however, and most crystals of the tetragonal 
system take on rather more complicated appearances. 
Among the best known and most widespread are prisms and bipyramids. 

A prism is a crystal shape that has a consistent cross-section. Within the tetragonal 
system, a number of different cross-section shapes are possible, including squares 
and eight-sided octahedra. Prisms can be terminated in various ways, but 
often end in pyramids. A bipyramid looks like two pyramids that have 
been stuck together. 


crystal system is 
defined according 
to its symmetry. 


Both planes and axes of 
symmetry are studied to 
determine the crystal 
system. A plane of 
symmetry represents a slice 
through a crystal which 
can be repeated. An axis is 
an imaginary line around 
which a crystal can be 
rotated to give the same 
view more than once. The 
tetragonal crystal system is 
defined by three axes of 
symmetry, all at 90? to 
one another. The two 
horizontal axes are of equal 
length, but the vertical axis 
is a different length. 

Among minerals with a 
tetragonal crystal structure 
are akermanite, gehlenite 
and melilite. These are all 
silicates belonging to the 
melilite group; they are 
found in calcium-rich 
rocks that have been 
altered by heat. 

The other main 
tetragonal crystals are 
described below and 


overleaf. 


Apophyllite 
Apophyllite is a beautiful 
and fragile silicate mineral 
whose fundamental crystal 
symmetry is tetragonal but 


A Brown, bipyramidal 
crystals of vesuvianite 
(formerly known as 
idocrase) discovered on 
the slopes of the volcanic 
Mount Vesuvius south of 
Naples in Italy. Vesuvianite 
may also take on a striking 
green coloration and is 
sometimes faceted for 
display purposes. 


which may nevertheless 
form in a great variety of 
shapes — as pyramids, 
prisms or flat table-tops. 


Autunite 

Autunite has crystals in 
the tetragonal system that 
are yellow or green in 
colour and that 
decompose if they lose 
their attached water of 
crystallisation. The 
crystals are tabular with 
a square outline and 
closely resemble those of 
torbernite. Autunite and 
torbernite are both fairly 
common minerals, and 
their main claim to fame 
is that they contain 
radioactive uranium. 


Cassiterite 

Cassiterite is one of 

the main ores of tin. 
Tetragonal crystals of this 
mineral usually appear in 


Among the better known minerals with a 
tetragonal crystal structure are: 


akermanite 
apophyllite 
autunite 
braunite 
cassiterite 
chalcopyrite 
diaboleite 


gehlenite torbernite 
hausmannite vesuvianite 
leucite wulfenite 
pyrolusite xenotime 
rutile zircon 
scapolite 

scheelite 
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Tetragonal crystals 


> A specimen of 
zircon, whose crystals 
have a very high 
degree of symmetry. 


> A diagram showing 
the basic lines 
(crystallographic axes) 
through which a 
tetragonal crystal 
must be revolved to 
show its symmetry. 


4 A diagram 
representing 

a crystal of 
chalcopyrite. 
Chalcopyrite occurs 
as well-formed 
crystals that can 
exceed 5cm in size. 


pyramid shapes or in short prisms; individual 
crystals often grow together in a process known as 
twinning. The world's finest specimens of cassiterite 
come from Bolivia, where they are sometimes found 
encrusted with a clay-like material which can be 
removed with dilute acid. 


Rutile and zircon 
These are two of the best-known gems which 
crystallise in the tetragonal system. 

Rutile crystals are prismatic and often have 
grooves (striations) running along them. When 
they occur within quartz crystals, they are found as 
very thin, needle-shaped (acicular) crystals. This 
form of quartz is known as rutilated quartz. 

Zircon crystals are tetragonal; they are prismatic 
and have pyramids at both ends — thus they are said 
to have pyramidal terminations. Many zircon 
crystals are also twinned. 


A Three diagrams showing some typical tetragonal 
crystal shapes. 


There are many common materials in 


everyday use in and around the average 


home that come either from rock 
formations or from individual 
minerals. Here we take a 

look at some of them. 

With the exception of 

chalk, all these examples 

are extracted from 
non-biological 

(inorganic) materials. 


Glass 

Glass is found everywhere in the home — windows, 
bottles and drinking glasses are all made of it. Man- 
made glass is formed by fusing quartz with various 
materials including calcium (calcium carbonate) and 
sodium sulphate. The quartz from which glass is 

made is derived from fine-grained sand and sandstone. 
Like natural glass, such as obsidian, man-made 

glass is transparent or translucent and breaks with a 
conchoidal (curved, like the inside of a shell) fracture. 


Bricks 

Building bricks are made by shaping clay into blocks 
and then hardening them through heating in a special 
oven called a kiln. Clay minerals are made up of 
hydrous aluminium silicates with various impurities. 


Chalk 

Chalk is made of calcium carbonate, and is similar to, 
but softer than, other limestones. It is chiefly 
composed of the shells of minute animals called 
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A Salt (sodium chloride) being poured from a salt 
cellar. Sodium is an essential mineral in the human 
body and salt is widely used in cooking to enhance 
the flavour of foods. 


foraminifera. Chalk is used to make putty, plaster, 
cement and quicklime. Harder forms of chalk are used 
as building stones, and poor soils with a high clay 
content are sometimes ‘sweetened’ with chalk. 


China clay 

China clay is made of kaolin, which comes 

from kaolinite, a clay mineral. It is found in many 
places, principally in the British Isles, the Czech 
Republic, France and the USA. It is important 

in ceramics and sculpture (see the photograph 
overleaf) and also in medicine, where it is used as a 
gastrointestinal absorbent and as a poultice (a moist 
and often heated pad which is applied to the skin in 
order to improve blood circulation and to treat areas 
of inflammation). 


Rocks and minerals in the home 


Epsom salts consist of magnesium sulphate and 
they occur naturally in the minerals kieserite and 
epsomite. Epsom salts are used as laxatives and 
are found in domestic medicine cupboards the 
world over. 


Graphite is a form of carbon (another form is 
diamond). Graphite is soft, black and relatively light 
and occurs naturally all over the world, especially in 
Cumbria (England), Madagascar, Siberia (Russia), Sri 
Lanka and New York State (USA). It is used for 
writing and drawing because it marks paper when 
pressed against it. Most graphite in modern pencils 

is synthetic. 


Plaster of Paris consists of calcium sulphate with one 
attached molecule of water. This form is described as 
‘hemihydrated’ calcium sulphate. When it is mixed 
with water it expands and forms a hard shell of fully 
hydrated calcium sulphate which is used to make 
plaster casts for keeping broken bones in position 
while they reset and heal. Plaster of Paris is derived 
from the mineral gypsum. 


Pumice stone is a volcanic 
rock formed from 
solidified lava that has 
been permeated with gas 
bubbles. It has the same 
chemical composition as 
granite, but a much lower 
density: pumice can float 
on water. Pumice stone is 
a form of rhyolite lava 
and is used to remove 
hardened skin and as a 
mild abrasive. 


Salt is found in almost 
every domestic kitchen, 
and is widely used for 
seasoning, curing and 
preserving foods. 
Although it is essential to 
the diet of humans and 
animals, much food 
already contains salt 
naturally, and it is 
therefore not always 
necessary to add it to 
everything we eat. Salt 
forms part of human 
blood, sweat and tears. Its 
major industrial use is as a 


source of sodium and chlorine and caustic soda 
(sodium hydroxide). Salt makes up nearly 80 per cent 
of the dissolved material in seawater and is also 
widely distributed in solid deposits, principally the 
mineral halite (rock salt), from which most table 

salt is extracted. 


Sand is composed of very small pieces of rock or 
mineral as loose, rounded or angular grains that 
typically range between 0.06mm and 2mm in 
diameter. Anything larger is classified as a pebble 

or a stone. Quartz is the most abundant mineral 
constituent of sand. Sand is used in the manufacture 
of bricks, cement, glass and concrete. 


Slate is a fine-grained, grey, black, green or blue rock 
that is formed by the metamorphism of shale. Slate 
splits easily along its structural surfaces into broad, 
thin layers: this process is known as slaty cleavage. 
The best grades of slate are used for roofing. 


Talcum powder is powdered talc, which is the softest 
mineral — scoring 1 on the Mohs Scale — and is found 
in metamorphic rock formations. Chemically, talc is 
made up of hydrated 
magnesium silicate. 
Soapstone or steatite is a 
variety of talc used for 
small ornaments. 


This material is used 
throughout domestic 
and other buildings to 
give a smooth finish to 
walls and ceilings. The 
mineral gypsum is the 
main raw material in 
the manufacture of 
plasterboard. This is 
heated to about 120°C 
to remove some of its 
water of cystallisation, 
which produces a white 
powder called plaster 
of Paris. When this is 
mixed with water it sets 
into a hard white plaster. 
Modern plasterboard 
also contains kaolin 
(china clay), which is 
obtained from the 
mineral kaolinite. 


Clay being used 
to model a bust. 
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also rich in aluminium, cobalt, copper, gold, 

gypsum, lead, molybdenum, platinum group 
metals, silver and titanium. Some 90 per cent of 
Canada’s land mass remains uninhabited, and much of 
its mineral wealth has only started to be exploited 
relatively recently. 

One of the earliest significant finds came in 1883, 
during the building of the Canadian Pacific Railroad: 
while engineers were blasting a path for the track near 
Sudbury, Ontario, they accidentally uncovered a nickel 
deposit which was so large that, even today, it still 
supplies most of the requirements of both Canada 
and the USA. 

The main development of Canada's natural 
resources has occurred since 1945. Vast exploration 
has yielded further deposits of nickel together with 
asbestos, copper, iron, petroleum, uranium and zinc. 
Between 1955 and 1965, no fewer than 125 new 
mines went into production across Canada, among 
them copper mines in British Columbia, New 
Brunswick, Quebec and the Manitouwadge area of 


B esides its main mineral deposits, Canada is 


Canada is the second largest 

country in the world, with a 

total land area of 6,197,930 sq 

km. Within this huge area are 
enormous 
mineral 
deposits. 
Canada is 
the world's 
leading 
producer 

of zinc, nickel, potash and 

uranium, and the second 

largest producer of asbestos, 

cadmium and sulphur. 

Altogether, the country 

produces more than 60 

MINERAL different valuable 
mineral types. 


Ontario; nickel mines at Lynn Lake, Manitoba; and 
lead, zinc and copper mines at the Great Slave Lake 
and Pine Point in the Northwest Territories. 


Iron ore 

Since the Second World War, new mines have been 
opened to exploit the large iron ore deposits in 
Labrador and in northern Quebec province. The 
Wabush Lake deposits are the largest in North America 
and are estimated to contain more than a billion 
tonnes. Other important deposits are in the Steep 
Rock Lake district of Ontario and on Bell Island in 
Newfoundland. In 1964 a huge belt of 69 per cent 
pure high-grade iron ore was discovered at Milne Inlet 
on Baffin Island. 


Lake Athabasca 

Today, in addition to the minerals of which it is the 
world’s leading producer, Canada is also a major source 
of barite, cobalt, gold, gypsum, platinum, silver and 
titanium. The most important non-metallic resources 
are asbestos and potash, of which there are enormous 


canada 


il: 


On the mineral tra 


deposits in Saskatchewan Province. Canada’s main 
uranium deposits are situated at Beaverlodge on the 
shores of Lake Athabasca. 

The province of Alberta accounts for 62 per cent of 
the country’s mineral output by value. Ontario is the 
second most productive region of the country. Most 
metallic elements occur in Labrador, Ontario and 
Quebec, in parts of a major geological formation 
known as the Great Canadian Shield — this is a low, 
undulating plateau with a general level of between 
300m and 450m above sea level. 

The Sudbury Basin in Ontario has the most 
important nickel deposits and a large amount of 
copper, but there is also substantial nickel at Lynn 
Lake and Thompson. Gold is now found around Val 
d'Or, Quebec and in the Flin Flon ore bodies of 
Manitoba and Saskatchewan, which are also important 
for copper. Iron ore is found mainly on the Labrador- 
Quebec border and at Steep Rock. 


<A nickel purification 
works in Sudbury, Ontario. 


Coal has been mined 
for many years at Cape 
Breton, but the seams 
there — which for many 
years fuelled Canada’s 
giant iron and steel 
industry — are now 
nearly worked out. 
Some of the domestic 
coal requirement has to 
be imported from the 
United States, even 
though hard coal is still 
found in the Crow’s Nest 
Pass region of the Rockies 
and is exported to Japan. 
There are further large 
deposits of lower grade 
lignite and bituminous 
coal in Alberta and 
Saskatchewan, as well as 
along the coastal regions 
of British Columbia. 


Tar sand 


The middle reaches of the Athabasca River have vast 
areas of tar sand, which contains natural gas and other 
hydrocarbons. These deposits are between 15m and 
60m thick and lie beneath a 300m layer of sediment 
which is removed by opencast mining. 

Natural gas was first harnessed as early as 1859, but 
it was not until the discovery of the Leduc Oil Fields 
in 1947 that vast reserves started to be revealed all 
across Canada. Prospecting for further natural gas 
deposits is now in progress in the Grand Banks, in and 
around Hudson Bay and above the Arctic Circle. 


A An industrial tar sand quarry in Alberta. Despite its 
name, tar sand is in fact an absorbent rock which 
becomes impregnated with valuable natural fuels. 


<A stockpile of sulphur for export (Vancouver, British 
Columbia, Canada). 
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Halite is sometimes 
known as rock salt. 

It is widely used as an 
industrial mineral. 


alite is also known as rock salt. It is mainly 

colourless or white but some specimens may 

be tinged with blue, orange, purple, red or 
yellow. It has been known since the earliest times and 
has long been refined and used as a food flavouring 
and preservative. More recently, it has become an 
important source of chlorine and sodium. 

Halite gets its name from the Greek word hals, 
which means ‘sea’ or ‘salt’: this is appropriate because 
more than 80 per cent of the material dissolved in sea 
water is salt. 

Although much of the salt used in cookery and 
food preservatives is derived from solid deposits of 
halite which have been mined, the halite used to 
obtain chlorine and sodium can also be obtained from 
salt water (brine). 


Uses of chlorine 


Chlorine is a gas which is used to remove bacteria from 


drinking water. It is also used in bleaching and in the 
manufacture of a large number of organic chemicals, 
especially agricultural fertilisers. It is obtained from 
halite as a side effect of the Downs process, which 
separates the sodium and the chlorine in the mineral 
by means of electrolysis. 


Uses of sodium 

Sodium is a metallic element 
which was first isolated in 
1807 by the great English 
scientist Sir Humphry Davy 
(1778-1829). Although it is 


HALITE 


Group: Halides 


4 Fine, individual cubic crystals of white halite. 
Formations like this are common all over the world. 


Caustic soda 

Sodium hydroxide (generally 
known as caustic soda) is 
obtained as a by-product of 


highly reactive and hence never Crystal system: Cubic 


the extraction of chlorine and 


found in the free state, in Chemical formula: NaCl 


sodium through the electrolysis 


compound form it is the sixth Hardness: 2 


of salt water. This highly 


most abundant element on Density: 2.16 


corrosive alkali is widely used 


Earth. It is used as an agent Cleavage: Perfect 


in the production of soaps 


in the reduction of various Fracture: Conchoidal 


and paper. 


chemical compounds and as 


Colour: Colourless, white, yellow, red, blue, purple 


a coolant in nuclear reactors. Streak: White 


Tests and treatment 


Like chlorine, it is separated Lustre: Vitreous 


Halite feels greasy to the touch 


from salt water by means of the 
Downs process. 


Fluorescence: Green, orange or red 


and is readily soluble in cold 
water. If the resulting solution 
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CHARACTERISTICS (p 


Halite is a halide, one of a group of minerals e 
composed of a metallic element combined with one 3 
of the halogens - chlorine, bromine, fluorine or : 
iodine. Halite is made up of sodium and chlorine. 

Crystals of halite conform to the cubic system of 
symmetry. They frequently appear as cubes, although 
some specimens have concave faces: these are known 
as hopper crystals. When it is not crystalline, halite 
may appear in shapeless forms (massive habit) or 
tiny grains. 

The specific gravity (SG) of pure halite is 2.16 
greater than that of the equivalent volume of water 
at room temperature. However, specimens are 
seldom pure, and the SG consequently varies between 
2.1 and 22. 

When crystals of halite are hit with a hammer or 
subjected to pressure, they break off cleanly along 
their weakest planes - i.e. they display perfect 
cleavage. What is most remarkable about the cleavage 
of halite is that it produces perfect cubic shapes. 


Industrial mineral 


<a A crystalline 
aggregate of 
orange-coloured 
halite (USA). 


» Violet halite 
from Sicily. 

This coloration is 
caused by natural 
radioactivity. 


4 A perfect 
cube of halite. 


ORIGINS and DISTRIBUTION & P 


Halite is widespread in evaporite deposits which, as | 
their name suggests, have formed through the 
evaporation of enclosed salt waters. The mineral is 
commonly found in association with anhydrite, 
gypsum and sylvite. 

Workable deposits of halite are found in 
numerous locations all over the world. Among the 
most important are those in the following regions: 
Salzburg (Austria); Ontario (Canada); Dax (France); 


Stassfurt (Germany); Punjab (India); Agrigento, 


is then left to dry out, small crystals will re-form Cosenza, Enna and Pisa (Italy); Wieliczka (Poland); 
through precipitation. Because of its sodium content, Siberia (Russia); Catalonia (Spain) and Bex in the Vaud 
halite will turn the colour of an open flame to a vivid Canton (Switzerland). 

yellow. When placed under an ultraviolet light, some In the USA, there are important halite mines in 


specimens of halite may show a green, orange or Arizona, California, Kansas, Louisiana and New York. 
red fluorescence. The main salt deposits in the British Isles are to be 
Halite should be cleaned with surgical spirit or a found at Northwich, Cheshire and Boulby, north 
similar form of pure alcohol. Always wear gloves when Yorkshire. | 
using alcohol, and apply it carefully with a cloth. 
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ordanite is dark grey in colour. 
It is named after the German 
| scientist, H. Jordan (1808—1887), 
who discovered the mineral in 
1864. The first jordanite specimens 
were found in the Binnental region of 
Switzerland, but it has since been 
found in several other parts of the 
world, including Cornwall in the 
British Isles. 

Jordanite is particularly sought 
after by mineral collectors because of 
its great beauty and the scarcity of its 
crystals, which usually appear in six- 
sided (hexagonal) shapes. 


Very rare mineral 


Jordanite is a very rare mineral that is 


unlikely to be found by the amateur 
mineralogist or offered for sale by a 
mineralogical supplier. It has no 
industrial uses and is not suitable for 
incorporating in jewellery since it is 
very soft (it scores only 3 on the 
Mohs Scale of hardness) and is easily 
damaged. When it is rubbed against 
a white, unglazed porcelain tile, a 


Jordanite belongs to a mineral 
series. When its chemical 
composition changes slightly it 
becomes geocronite. 


JORDANITE 


Group: Sulpho-salts 


Crystal system: Monoclinic 


Chemical formula: Pb;,(As SB);S;, 


Hardness: 3 


Density: 6.4 


Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Dark grey 


Streak: Black 


Lustre: Metallic 


Fluorescence: None 


Y Polished jordanite. 
The yellow and brown colours 
come from iron oxides. 
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Rare mineral 


specimen of jordanite will leave a black streak. It is 
usually associated with other sulpho-salts and minerals 
including barite, galena, sphalerite, pyrite, quartz and 
calcite. When it occurs with sulpho-salts, jordanite is 
commonly found in dolomite limestones. 


Isomorphism 

Some minerals contain various elements which can be 
replaced by other elements without fundamentally 
altering their own structure. The scientific name for 
this process is isomorphism, and the minerals which 
can do it are known as isomorphs. 

Jordanite is an isomorph of another sulpho-salt 
mineral called geocronite. These two minerals can have 
very similar crystal structures even though their basic 
chemical compositions are different. Jordanite and 
geocronite remain identifiably separate minerals, but 
form an isomorphous series. 


4 » Two 
jordanite 
specimens 
on marble. 


Y Swiss 
jordanite 
with pyrite. 


Jordanite forms in cavities in dolomite rock, 
sometimes as crystals over 5cm long. 

Jordanite was originally identified in Binnental in 
Switzerland, but has since been found in several other 
locations around the world. These include Wiesloch 
near Heidelberg in Germany; the Alpine region of 
northern Italy; Yunosawa and Okoppe near Aomori in 
Japan and in the Silverton region of Colorado, USA. 

Jordanite crystals have also been found in the 
British Isles, at St Hilary in Cornwall. 


Jordanite is a sulpho-salt, a 
subdivision of the sulphide 
group of minerals. It contains 
the elements lead, antimony, 
arsenic and sulphur. 
Crystals of jordanite belong 
. to the common monoclinic 
system, but usually take on 
shapes which appear to be six- 
sided (pseudo-hexagons) and 
are often twinned. 
The lead in jordanite 
influences its colour, its softness 
. (Mohs Scale 3), and its weight, 
which is almost six and a half 
times greater than that of the 
equivalent volume of water. 
Jordanite shows a black 
streak when it is rubbed on 
unglazed white porcelain. 
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Í MINERALS 


? Piemontite 


Piemontite is a rare 
mineral. It has several 
properties in common 
with epidote, and is therefore classified 
by mineralogists as a member of 
the epidote group. 


iemontite (sometimes known 
Pp: piedmontite) was first 

discovered in the early 19th 
century and confirmed as a 
distinct mineral in 1853. It is 
usually a striking reddish 
brown, although some 
specimens may be black, light 
red or yellow in colour. It takes 
its name from the northern 
Italian region of Piedmont, where it was first 
found in the Val d'Aosta. 

Piemontite belongs to a subcategory within 

the silicate group known as the epidote group. 


Epidote group 

All epidote group minerals are basically made up 

of calcium, silicon and oxygen, together with one 
hydroxyl molecule which contains a single atom of 
oxygen joined to a single atom of hydrogen (the 
chemical formula for this is OH). In addition, epidote 
minerals contain aluminium and iron, but either of 
these metals may sometimes be partially replaced by 
another metal, magnesium. 


FACT FILE 


PIEMONTITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Ca;(Al,Fe,Mn);Si;0;;(0H) 
Hardness: 6 

Density: 3.4-3.5 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Reddish brown, reddish black, red, yellow 
Streak: Red 

Lustre: Vitreous 


Fluorescence: None 


A A specimen of piemontite from Italy. 


CHARACTERISTICS 


Piemontite is a member of the silicate group of 
minerals. It is made up of the elements calcium, 
aluminium, iron, manganese, silicon, oxygen and 
hydrogen. 

Crystals of piemontite usually appear in needle- 
shaped (acicular) prisms and belong to the very 
common monoclinic system in which no pair of faces 
is the same length, breadth or height as any other. 
However, these crystals are quite rare, and piemontite 
more commonly occurs in grainy masses. 

When piemontite is struck with a hammer or 
exposed to similar forms of pressure, it will break off 
cleanly along its weakest planes. In scientific terms, it 
is said to have perfect cleavage. 

Piemontite is moderately hard, scoring 6 on the 
Mohs Scale: a steel blade will not leave a mark on it 
while, in turn, a specimen of piemontite can scratch 
glass without difficulty. 

Piemontite is fairly heavy, weighing about three 
and a half times as much as the equivalent volume 
of water. 


Rare mineral 


Piemontite is an unusual member of the epidote 
group because it may also contain as much as 20 per 


cent manganese: it is this metal which gives piemontite 


its distinctive reddish brown colour. 

The best known epidote group mineral is epidote 
itself. Other members include allanite, zoisite and 
clinozoisite. In common with other members of the 
epidote group, piemontite occurs in some igneous 
rocks, especially the volcanic rocks andesite and 
rhyolite, and in the metamorphic rock schist. 


Sold as gemstones 

Some of the finest specimens of piemontite are 
sometimes smoothed and polished into domed 
cabochons and similar rounded shapes, or used for 
small ornamental objects and intaglios. (An intaglio, 
the opposite of a cameo, has a sunken or incised 
design. Intaglios were originally used as seals, but the 
technique is also used in jewellery.) 


> Piemontite 
cut into a 
cabochon. 
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Piemontite is a rare mineral, and is a member of the 
epidote group of minerals. It forms in manganese ore 
deposits and in schists - rocks that have have been 
formed in conditions of heat and pressure deep in 
the Earth's crust (metamorphic rocks). 

Piemontite is found mainly in northern Italy. Other 
sources worldwide include: Black Peak in northwest 
Otago, New Zealand; around Minsk in Belor Ssia; Glen 
Coe in Scotland; Nordmark, Varmland, sweden; and 
Riverside County, California and Annapolis, Missouri in 
the USA. Small deposits of piemontite have also been 

found in Japan. 


A Piemontite crystals in association with pink 
greenovite. 


4 A fine specimen of piemontite from the Val d'Aosta in 
Piedmont, northern Italy, the site where the mineral was 
first discovered and identified. 


Although piemontite has been located in several 
parts of the world, the best specimens still come 
from the Italian Piedmont. If you are fortunate 
enough to acquire a specimen of this rare mineral, 
you can remove any surface dirt by cleaning the 
crystals with dilute acid. Be sure to take great care 
when handling any acid. 


Historically, pyrolusite was used to remove 
unwanted green and brown impurities from 
clear glass. Today it is an important industrial 
source of the metallic element manganese. 


yrolusite is black or dark grey in colour. It is very 

rarely found as crystals, and usually occurs in 

powdery or fibrous form. When it takes on a soft, 
earthy appearance — which it often does, especially in 


marshy areas — it is known as ‘wad’. The name pyrolusite 


comes from the Greek pyr, meaning ‘fire’ and /ousis, 
meaning ‘washing’. The latter refers to its use in 
glass cleaning, and pyrolusite is sometimes 

known as 'glassmaker's soap’. 


A source of manganese 

Pyrolusite and romanechite are the two main 
sources of manganese. Manganese is a brittle, grey, 
metallic element which is used to reinforce steel. 
Manganese steel typically comprises 11—14 per 
cent manganese and is used whenever ordinary 
steel is thought not to be strong enough. It is used 
in railway points, which need to be more resilient 
than normal rails because they taper at the ends and 
therefore have less surface area over which to spread 
the weight of the train. 

Another manganese alloy is bronze, which contains 
about 3.5 per cent manganese combined with 55—60 
per cent copper and 35—42 per cent zinc. 

Manganese is often processed directly into steel 
without having first been extracted from the pyrolusite 
in which it was found. The ore is mixed directly with 


PYROLUSITE 


Group: Oxides 


Crystal system: Tetragonal 


Chemical formula: MnO; 

Hardness: 2—6 (massive); 6-6% (crystals) 
Density: 5.1 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Black to dark grey 
Streak: Bluish-black 
Lustre: Metallic to dull 
Fluorescence: None 


iron ore and has its oxygen removed by heating. This 
result is achieved in one of two ways: the Kroll process 
uses magnesium to react with the oxygen and remove 


A Teat-shaped (mamillary) pyrolusite from Utah, USA. 
v Fern-shaped dendritic 


growths of 
pyrolusite. 


PY 


it from the manganese, while the Goldschmidt process 
uses aluminium for the same end. The product of both 
these reactions is a strong combination of iron and 
manganese known as ‘ferromanganese’. 


Deoxidising agent 

Manganese is also widely used in industry to remove 
unwanted oxygen and sulphur from other materials. It 
is therefore known in scientific terms as a deoxidising 
and desulphurising agent. 

Pyrolusite itself shares the same deoxidising 
properties, and for hundreds of years it was used to 
clean clear glass which had been discoloured by yellow 
and brown iron oxide impurities. 


CHARACTERISTICS d 


Pyrolusite is a member of the oxide group of minerals 
and is made up of two parts oxygen and one part 
metallic manganese. 

Crystals of pyrolusite are prismatic but they are 
very rare, and the mineral usually occurs in columnar, 
earthy or fibrous masses. Some specimens appear as 
fern-like shapes and may be mistaken for fossils. 
Crystalline pyrolusite is sometimes known as 
polianite. 

The hardness of pyrolusite varies enormously, 
depending on its physical form: massive deposits 
score 2-6 on the Mohs Scale, while crystals register 
from 6 to 67. 


MINERALS | 


A Fibrous aggregate of pyrolusite from Michigan, USA. 


Y Needle-shaped (acicular) pyrolusite from Germany. 
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Pyrolusite is a very common mineral. It forms in parts 
of manganese deposits which have reacted with the 
oxygen that occurs in air and water. 

Pyrolusite is found in bogs, in-shallow seawater 
sediments and in nodules on the deep sea bed. It is 
also sometimes present in veins of quartz. 

Pyrolusite occurs all over the world, but some of 
the main deposits are in the high-grade manganese- 
producing regions of Minas Gerais, Brazil. Further 
supplies come from Canada, the Czech Republic, 
Georgia, Germany, Cornwall (Great Britain), India, Italy 
and South Africa. In the USA the main deposits are in 
California, Arkansas and Montana. 
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ə Orthorhombic crystals 


The orthorhombic is one of the most common crystal systems; it has a fairly 
high degree of symmetry, but not as much as the cubic system. The orthornombic 
system often has crystals with a tabular habit. All three crystallographic axes are 
unequal in length, but are at right angles to one another. A great many minerals 
belong to the orthorhombic system, but one of the best known and most 
characteristic is barite, which is a major industrial source of the silvery white 
metallic element barium. 


Pinacoids 
The base of orthorhombic crystals often takes the form 
of a pinacoid. A pinacoid is the scientific name given to 
a shape with a pair of parallel faces. This is one of the 
so-called ‘open forms’ which cannot comprise a 
complete solid on their own and can only exist in 
conjunction with other shapes to form a whole crystal. 
Prisms — another open form — are also common in 

this crystal system. Topaz crystals are orthorhombic and 
often form in prisms which show lines of cleavage at 
right angles to their length. These visible lines can be of 
great assistance to gem-cutters as a working guide. 

€ Barite crystals will also break off along a surface 


running parallel to the basal pinacoid. 


Deceptive forms 

One of the most important things to remember about 
orthorhombic crystals is that they are not always 
instantly recognisable as such: although chrysoberyl, for 
example, is a member of this system, it is frequently 
found in the form of crystals which are joined together 


Among the more common minerals with an 
orthorhombic crystal structure are: 


adamite columbite prehnite 
andalusite cordierite samarskite 
anglesite descloizite scorodite 
anhydrite diaspore sepiolite 
anthophyllite enargite sillimanite 
aragonite enstatite stephanite 
atacamite epsomite stibnite 
aurichalcite glaucodot strontianite 
barite goethite sulphur 
bismuthinite humite thenardite 
bournonite ilvaite thomsonite 
brookite libethenite topaz 
carnallite marcasite tungstite 
€ celestite natrolite variscite 
cerussite olivenite wavellite 
chrysoberyl olivine witherite 
cobaltite perovskite zoisite 


— these are said to be twinned — with the result 
that they appear in six-sided shapes. Scientists 
call this pseudo-hexagonal symmetry because it 
creates the false impression that the mineral 
belongs to the hexagonal system. 

In such cases, mineralogists need to make 
detailed examinations of the crystals to reveal 
their structure. 


A A specimen of celestite with characteristic prismatic, 
orthorhombic crystals. 


Shorthand notation 

Crystals can be classified and understood by referring 
to their symmetry. Various systems of notation are 
used to express the symmetry of crystals. The 
crystallographic axes of symmetry can be labelled with 
letters. The vertical axis (the height of the crystal) is h, 
while b and d are used for the breadth and depth axes 


(see diagram overleaf). These axes may be equal in 
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Orthorhombic crystals 


A4 The diagram top left shows 
the three axes through which an 


Three orthorhombic minerals: 


orthorhombic crystal must be A A brookite 
revolved to show its symmetry. A blue barite 
«topaz 


A The other three diagrams show 
some typical orthorhombic shapes. 


length (in very symmetrical crystals) or of different 
lengths. The angles at which they intersect are called a, 
b and c. Often these are right angles. 

The six crystal systems can be expressed in note 
form as follows: for the axes h stands for height, b for 
breadth and d for depth, while the angles between 


each of the three planes are referred to as a, b and c. In 


addition to the equals sign (=) is the sign =, which 4 A diagram 
means “is not equal to’. showing a crystal 
of sulphur with its 
The cubic system The orthorhombic system corresponding 
Axes:h=b=d Axes: h = b # d sides shown 
Angles: a = b = c = 90° Angles: a = b = c = 90° in colour. 


The tetragonal system The monoclinic system 
Axces: hz bz d Axes: h#b#d 
Angles: a = b = c = 90° Angles: a = b = 90° xc 


The hexagonal system The triclinic system 
Axes:h=b#d Axes:h#=b#d 
Angles: a - b «c Angles: a z b zc 


Ja Gems in commerce 


Gems have two main commercial uses - 
either as jewels and ornaments or as 
practical tools in industry. Here we look 
at some of the finest gems used 
ornamentally, and the less valuable 
materials that can imitate them. 


here are at present approximately 3,000 
known minerals, and the number is increasing 
rapidly as geologists make new discoveries 
every year. Yet only about 100 of these minerals can 
accurately be called gemstones in any meaningful 
sense. Of these, only about 13 are commonly gem- 
quality, while another 40 occur only occasionally 
as specimens that are good enough to merit the 
name of gem. 

To be truly precious, a gemstone must be beautiful, 
durable and rare. The gems which most reliably satisfy 
these criteria — the real bankers of the gemstone world 
— are diamonds, rubies, sapphires and emeralds. 


Diamond is the hardest natural substance known to 
man and comes mostly from South Africa, Australia, 
and Russia. Colourless diamonds are the most highly 
prized, but the yellow, blue, pink and other coloured 
varieties are precious too. 


THE STORY OF THE EARTH 


Five different sparkling materials: (left to right) 
strontium titanate, cubic zirconia, genuine diamond, 
yttrium aluminium garnet and synthetic white sapphire. 


Ruby and sapphire are varieties of the mineral 
corundum, an oxide of aluminium. Ruby gets its red 
colour from traces of chromium; the various colours 
of sapphire are produced by the presence of tiny 
quantities of iron and titanium. The best gem-quality 
corundum is found in Myanmar (Burma), India, Sri 
Lanka and Thailand. 

Emerald, the green variety of beryl (a silicate of 
beryllium and aluminium), gets its colour from traces 
of chromium and iron. The best emeralds come from 
the Muzo and Chivor mines in Colombia. 


Among the gemstones which are generally valuable, 
but not quite in the class of the top four, are amethyst, 
aquamarine, chrysoberyl, garnet, morganite, peridot, 
spinel, tanzanite, topaz, tourmaline and zoisite. To this 
list might be added the best opals, but opal specimens 
are notoriously inconsistent in quality. 

Some gem-like materials have only one or two of 
the three prerequisites — turquoise for example is 
beautiful but easily damaged and reasonably common. 
The value of other gems is greatly affected by changing 
fashions — they may be enormously popular with one 
generation, and spurned by the next. Jet is one 
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example. In the 19th century, when Queen Victoria 
was in mourning for her husband, Prince Albert, she 
wore jet jewellery made in Whitby, north Yorkshire. 
As a result jet became very fashionable in Victorian 
England and, after a period of neglect, it is now 
enjoying a resurgence in popularity. In the same way 
amber, amethyst and zircon have all passsed through 
periods of popularity and neglect. 


A great deal of gem commerce involves the sale and 
purchase of imitations. This trade is not normally 
fraudulent, but simply caters for a clientele that cannot 
afford the most precious gems and contents itself with 
attractive lookalikes. It would be dishonest to try to 
sell glass as diamond, but this seldom happens, if only 
because even the most rudimentary scientific tests 
would reveal the fraud in no time at all. 

Lookalike gems come in four categories: 
substitutes, imitations, assembled gems and synthetics. 
Substitute diamonds are normally made from 
colourless specimens of zircon, sapphire or quartz. Red 
garnets may be used as substitutes for ruby. In the 
British crown jewels, the so-called Timur Ruby is really 
an enormous red spinel weighing 352.5 carats. Green 
tourmaline can be substituted for emerald, and citrine 
quartz may replace topaz. 

The best imitation jade and lapis lazuli gems are 
made of specially created opaque and semi-opaque 
glass. Plastics are sometimes used for this purpose but 
they lack sheen and are often unconvincing. 


Gems in commerce 


Assembled gems are made by gluing or melting 
imitation, synthetic or natural gems on to pieces of 
natural stone. In this way, emerald can be simulated 
by cementing a piece of green glass beneath a small 
piece of genuine beryl to make a doublet. Opal 
triplets are made with a colourless quartz top, a 
common opal bottom, and a thin layer of high-grade, 
coloured opal in between. The hard top protects the 
valuable opal while allowing its dazzling colour to 
shine through. 

Synthetic gems are gems which are entirely 
manufactured. Today, emerald, ruby, sapphire and 
spinel are mass-produced and many people consider 
them better-looking than the real things. In recent 
years the science of crystal growth has advanced 
greatly and permitted the synthesis of new gems that 
have no natural counterpart. One example is cubic 
zirconia, which is almost impossible to distinguish 
visually from diamond. 


Gem-quality synthetic 
rubies (red) and a synthetic 
blue sapphire. 


A collection of natural 
and synthetic emeralds. 
The large specimen on the 
left is naturally occurring, 
while the gem crystals (top 
right) are man-made. Two 
of the cut stones at the 
bottom are natural and 
two are synthetic, but it is 
impossible to tell which 
is which by sight - only 
chemical testing would 
reveal the synthetics. 
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Namibia lies on the 
African Atlantic coast 
northwest of South 
Africa, from which it 
gained independence on 
21 March 
1990, and 
occupies 
an area 
of about 
| 824,000 
sq km. It 
contains a wide range 
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amibia is a country of great contrasts, and 
| \ | three regions dominate the landscape. The 

Namib Desert is an arid, desolate area which 
stretches along the entire coastline to a width of 
between 80km and 130km. The Central Plateau lies 
to the east of the Namib and has a varied landscape of 
rugged mountains, rocky outcrops, sand-filled valleys 
and plains. It covers almost exactly one half of 
Namibia's total area. Finally, the eastern, northeastern 
and northern areas of the country are dominated by 


the Kalahari Desert. 


MAJOR 
MINERAL DEPOSITS 


Four main geological formations 

The topography of Namibia is very varied and contains 
four of the main geological formations of southern 
Africa. One of these — the so called “basement 

complex’ of old granite and gneiss, with later layers 

of sedimentary rock — forms the greater part of the 
plateau between the Namibian capital, Windhoek, and 
Outjo. It also extends northwards into the Kaokoveld 


of extremely valuable 
mineral deposits, 
including copper, 
diamonds, lead, 
manganese, silver, tin, 
tungsten, uranium, 
vanadium and zinc. 


A The clearly defined edge of the Namib Desert where it 
meets the fertile plain of the Fish River. 


Mountains and southwards as far as the valley of 
the Orange River. 

The Precambrian Damara System of dolomite, 
limestone, sandstone and metamorphic rocks occupies 
much of the plateau which extends from the Khomas 
Highland near Windhoek to the northern border. The 


Nama System in the south consists of quartzite, shale 
and black limestone, whilst the Karroo System of tillite 
sandstone, shale and overlying lava forms the surface 
of the area stretching from the Orange River in the 
south to the central Gobabis region. 

The youngest geological formations are found in 
the Namib Desert where sand and clay meet diamond- 
bearing shingle on the southern coastal strip. The 
Kalahari Desert also contains recent deposits of 
consolidated gravels and sands, together with overlying 
loose sand of varying thickness. 


Mineral wealth 

Mining is the mainstay of the Namibian economy. It 
is the source of about one-third of the annual Gross 
Domestic Product (GDP) and three-quarters of export 
earnings. By 1990, the two largest mineral producers 
were open-pit operations in the Namib Desert: one of 
these was in the southern diamond fields, which 
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<4 A specimen of uraninite, the ore from which uranium is obtained. 


supply about one sixth of the annual global output of 
gem-quality diamonds; the other was the highly 
mechanised Róssing uranium mine. 
Tsumeb, in the north of the country, has been 
the source of many famous mineral and gem 
specimens, but the main mine there is virtually 
exhausted, and the future of the associated 
lead refinery is now in doubt. 

At the time of independence in 1990, 
Namibias mineral wealth was largely 
controlled by three international 
mining corporations. These were CDM 
(Diamonds), a wholly owned subsidiary 

of De Beers (South Africa); Rio Tinto Zinc 
(RTZ) of Great Britain, which has a majority 
stake in, and manages, the Róssing uranium mine; and 
Gold Fields (South Africa), which controls the Tsumeb 
Corporation. 


Diamonds and uranium 

Diamonds are Namibia’s most valuable resource. They 
are found along the coastal strip and on the ocean bed 
between Liideritz and the mouth of the Orange River. 

The principal diamond diggings are at 
Oranjemund, where annual production is currently 
about 1.5 million carats, of which almost 98 per cent 
are gem quality. 

The next most valuable mineral is uranium. 
Together with neighbouring South Africa, Namibia is 
responsible for about 20 per cent of the world’s 
uranium output. 

Since 1945, uranium ores have increased in 
importance. Uranium is used in the manufacture of 
nuclear weapons and as a fuel in nuclear power stations 
for the production of electricity. All major industrial 
countries depend upon this important raw material. 

The Róssing mine — the largest opencast uranium 
working in the world — 
lies about 70km inland 
from Swakopmund. 
Uranium was first 
discovered in the area in 
1928, but full-scale 
exploration began only 
in 1966; the mine went 
into full production ten 
years later. 

Róssing produces a 
large quantity of solid 
radioactive waste every 
day; this is pumped 
through a pipeline into a 
nearby valley where it is 
covered by topsoil. 


<A diamond mine on the 
Atlantic coast of Namibia. 
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Vivianite — unusual mineral 
that changes colour 
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Turquoise was one of the first 
gemstones to be mined and 
it has been used in jewellery 

and ornamentation since the 
fourth millennium BC. 


4 | ' he colour of turquoise specimens is variable. 
The finest gem-quality specimens are blue, but 
turquoise may also appear green or greenish 

grey. The earliest recorded deposits were found in the 

Middle East about eight thousand yeas ago, and their 

extraction was probably the world's earliest important 

hard rock mining operation. The gem was then 
transported to Europe overland through Turkey. In fact 
the English name 'turquoise' comes from 

the 14th-century French word turqueise 


GEMSTONES 


A Turquoise from Iran. 
4v Turquoise with quartz. 
v A mass of turquoise crystals. 


meaning ‘Turkish’. 


The finest specimens of turquoise are 


‘duck egg’ blue. In addition to being 


beautiful in themselves, the colour of these 


is Ret m. 


pieces provides an attractive contrast 
with precious metals — turquoise is 
often used in conjunction with gold 
and silver to make ornaments. 

Much precious turquoise is cut 
in smooth, domed shapes called 
cabochons, but it is also widely used 
in carvings and inlays. Turquoise 
beads are quite common, as are 
brooches with raised designs, which 
are called cameos. 

Rough pieces of turquoise are 
often used in mosaics where they are 
typically accompanied by jasper, 


obsidian and mother-of-pearl. 


FACT FILE 
TURQUOISE 


Group: Phosphates 


Crystal system: Triclinic 


Chemical formula: CuAl,(PO,),(0H)s.4—5H.0 


Hardness: 5-6 


Density: 2.6-2.8 


Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Blue, greenish-blue, grey 
Streak: White to pale grey 
Lustre: Vitreous (crystals), waxy 
Fluorescence: None 


Byir rya 
Turquoise is a member of the 
phosphate group of minerals. 
It is made up of the metallic 
elements copper and 
aluminium, together with 
phosphorus, hydrogen and 
oxygen. In addition, every 
molecule of turquoise has four 
or five attached molecules of 
water of crystallisation. 

Crystals of turquoise have 
triclinic symmetry. This is the 
least regular of all the crystal 
systems. 

However, individual crystals 
are rare and small: turquoise 
most commonly forms as 
specimens with no definite 
shape (massive), but it also 
occurs as tiny grains, 
stalactite-like growths or 
rounded humps (concretions). 
Crystals are glassy (vitreous) 
in appearance, but massive 
deposits tend to be waxy. 

Clear blue turquoise derives 
its coloration from the copper it 
contains; any greenness that 
may be visible is due to the 
presence of iron impurities. 


‘Semi-precious stone 


A A turquoise gemstone 
smoothed and rounded into 
a domed cabochon. 


4 Turquoise jewellery from 
16th-century Italy. 


v A symbolic Aztec artefact 
with turquoise. 


Soft and porous 

Despite its great beauty and wide range of decorative 
uses, turquoise is not classified among the most 
precious minerals of all. This is partly because it is 
fairly soft for a gemstone, scoring only 5-6 on the 
Mohs Scale of hardness. The other main limitation of 
turquoise is that it is porous and may therefore absorb 
a wide range of impurities. The most damaging of 
these are dirt and grease, which adversely affect the 
colour of the gemstone, often turning it from a bright 
blue to a dull and indeterminate shade of green. 


Fading 

Even the best blue turquoise is liable to fade through 
prolonged exposure to sunlight or heat. To prevent this 
deterioration, the gem is often impregnated with wax 
or paraffin. The appearance of the finest gemstones — 
diamonds, for example — does not need artificial 
enhancement. 


forms only through the alteration of pre-existent 
rocks and minerals. It is usually created by the action 
of water on phosphate rocks containing copper 

and aluminium. 

Deposits of turquoise are found mainly in arid 
environments. The oldest known source was the Sinai 
Peninsula where turquoise was mined by the ancient 
Egyptians, while the most highly prized pieces come 
from Neyshabur in the parched northeast of Iran. 
There are numerous turquoise deposits in the 
southwest United States, notably in Arizona, 
California, Colorado, Nevada and New Mexico. Many 
mines there were worked by Native Americans 
hundreds of years before Europeans reached the New 
World. Microscopic crystals of turquoise are also 
found at Lynch Station, Campbell County, Virginia. 

Elsewhere, turquoise has been extracted from 
mines in the following countries: Australia, Chile, 
China, France, Germany, Russia, Tanzania and Tibet. 

In the British Isles, small amounts of turquoise may 
be found in Cornwall. There, however, it does not 
occur in its pure, gemstone form but in an iron- 
bearing variant known locally as rashleighite. 


Famous examples 
Many fine turquoise artefacts survive from the ancient 
Egyptian civilisation: the oldest so far discovered is a 
bracelet with inlaid gold which is 8,000 years old. One 
of the most magnificent examples is a breastplate from 
the reign of Sesostris II (1844-1837 Bc) which can be 
seen in the Metropolitan Museum in New York, USA. 
Many museums all over the world have examples 
of turquoise from Persia (present-day Iran). That 
country is considered to be the source of the finest 
specimens, and turquoise abounds in the imperial 
jewels of the former shahs. The Aztecs of Central 
America used turquoise in figurative art to symbolise 
the ‘solar serpent’ (the Sun) which drove all other stars 
from the sky during the hours of daylight. The gem was 
widely believed to protect the wearer against snake bites 
and to give courage in battle. 


Tests and treatment 

Naturally occurring turquoise closely resembles 
chrysocolla, but the two materials can be differentiated 
fairly easily because turquoise is harder. 

Turquoise is soluble in hydrochloric acid which 
has been heated. Specimens of the gemstone should 
be cleaned only with distilled water because the 
impurities contained in tap water may become lodged 
inside the structure and damage its natural colour: any 
deterioration in the colour of turquoise is irreversible. 

Turquenite is an imitation of turquoise, created by 
artificially colouring howlite or magnesite. The sample 
of turquenite with this issue is coloured howlite. 
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Turquoise is a secondary mineral - that is, one which 


Vivianite is a beautiful mineral 
that is colourless when fresh, 
but quickly becomes blue 
or green on exposure to 
"ww" air and light. It is very 
popular with collectors, but 
needs special care because of 


this colour change. 


ivianite has been recognised as a distinct 
mineral for a long time, and was once used 
by artists as a blue pigment. It was 

usually known as ‘blue iron earth’ until, in 

1817, it was renamed by the German 

scientist A.G. Werner in honour of the 

English mineralogist J.G. Vivian, who 

first discovered it. 

Vivianite is colourless when it is first 
removed from the ground, but turns blue or green 
almost immediately when it comes into contact with 
oxygen in the Earth's atmosphere. The darkening 
process continues if it is exposed to light. This means 
that collectors must ensure it is kept in complete 
darkness to prevent it from darkening further. 

Even vivianite that has turned blue or green is not 
reliably stable. This is because much of its mass is 
made up of water of crystallisation which may 
evaporate if the surrounding atmosphere is too dry: 
this causes the mineral to disintegrate into a powder. 
In order to prevent this, vivianite should always be 
kept in a moist environment, and this is best achieved 


FACT FILE 


VIVIANITE 


Group: Phosphates 

Crystal system: Monoclinic 
Chemical formula: Fe;(P0,);.8H;0 
Hardness: 14-2 

Density: 2.7 

Cleavage: Perfect 

Fracture: Uneven 


Colour: Colourless when fresh; blue, green 
Streak: Colourless when fresh; blue or brown 
Lustre: Vitreous to pearly 

Fluorescence: None 


A Vivianite is sometimes green. These elongated crystals 
on marcasite are from Bolivia. 


v Fine, bladed crystals of blue vivianite. 


Commonplace mineral 
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Vivianite is a member of the phosphate group of 
minerals. It is a phosphate of iron. Each molecule 
of vivianite has eight molecules of water of 
crystallisation attached to it. It loses these easily on 
contact with dry air, and when this happens it 
crumbles to powder and is known by a different 
name, metavivianite. 

Crystals of vivianite belong to the very common 
monoclinic system in which no pair of faces is the 
same length, breadth or height as any other. These 
crystals tend to form in sheets (lamellae) which are 
very easy to cut (sectile). Vivianite is a very soft 
mineral, scoring only 17-2 on the Mohs Scale, higher 
than talc but lower than calcite. 


A A prismatic crystal of vivianite on marcasite. 


Ab Thin, needle-shaped crystals of vivianite, a fragile 
mineral with perfect cleavage. 


by placing specimens in an airtight container with a 
small bowl of water next to them. Vivianite that has 
lost its water of crystallisation is known as 
metavivianite. 


Horn connection 

Vivianite has been found in peat deposits in Shetland 
in Scotland and in the Isle of Man (British Isles) where 
it is often associated with the horns of elk and deer. 

In some areas it occurs as large crystals. At Llallagua 
and Poopó in Bolivia, for instance, crystals up to 
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Vivianite occurs in veins containing metallic ores 
and in pegmatites, where it forms through alteration 
of other phosphate minerals. Elsewhere, it may 

be found in sedimentary deposits such as clay, 

where it is often associated with organic material, 
such as bones and horns of animals. 

Vivianite is found throughout the world. Some of 
the main deposits are in Australia, Poopó in Bolivia, 
Cameroon, Italy, Kosovo (a province of Serbia), 
Romania and Russia. 

The USA has vivianite deposits in the Black Hills of 
South Dakota; in Lemhi County, Idaho; and in Bingham 
Canyon, Utah. British deposits of vivianite are found 
in Cornwall. 


15cm long have been found, while in N'Gaoundéré 
in Cameroon some giant crystals up to 1.2m in 
length occur. 


Former use 

Vivianite was once used as a source of an artist's 
pigment which closely resembled Prussian blue. Today, 
however, such pigments are obtained more efficiently 
and cheaply by synthetic means. 

Vivianite has no shortage of identifying 
characteristics. Important clues to its identity are 
provided by placing a specimen in an open flame — 
where vivianite melts (fuses) easily — and by the acid 
test: it dissolves easily in hydrochloric acid. 

Vivianite should be cleaned with distilled water 


applied with a delicate brush. 


Pyromorph 


Although it has no industrial 
uses, pyromorphite is of great 
interest to mineral 
collectors because | 
of the attractive 

appearance of its crystals, 

which sometimes 

resemble green barrels. 


yromorphite is usually green, 
Pp brown, grey, orange or 

yellow. Previously known as 
‘green lead’, pyromorphite was 
given its present scientific name in 
1813 by J.EL. Hausman, a 
German mineralogist. 
Etymologically, the word 
pyromorphite derives from the 
Greek pyr, meaning ‘fire’, and morphe, meaning 
‘shape’. This is a reference to the fact that, when the 
mineral is heated under a blowtorch and then left to 
cool down again, it will melt and then take on a 
crystalline appearance again. 

Pyromorphite forms a series with another lead- 
bearing mineral called mimetite. This mineral is an 
arsenate of lead, while pyromorphite is lead phosphate. 
There are only a few differences between pyromorphite 
and mimetite. However, pyromorphite forms crystals 
within the hexagonal system while mimetite has 
crystals classified in the monoclinic sysem. Both of 
these two minerals can at times form as crystals with a 
characteristic barrel shape. These barrel-shaped 
specimens are called campyllite, and are sought after 
by collectors, mainly because of their unusual crystal 
habit. They occur in a number of localities, especially 
in Cumbria in the British Isles. 


Tests 

A good way to distinguish between pyromorphite and 
mimetite is by heating unidentified specimens in an 
open flame: when this happens, mimetite will melt 
easily and give off a strong, garlic-like smell which 


A A radiating aggregate of pyromorphite on a rock base 
(matrix) from Sardinia, Italy. 


> A group of prismatic crystals of pyromorphite. 


. Of minerals. It is a phosphate of lead which also 


contains one atom of chlorine. 

Crystals of pyromorphite belong to the hexagonal 
system and often resemble cubes with pyramids at 
top and bottom. However, the most striking 
pyromorphite crystals - and the ones which are most 


. sought after by collectors - are those which look like 
. fat, green barrels. 


Owing to the lead it contains, pyromorphite is a 
very heavy mineral, weighing about seven times as 
much as the equivalent volume of water. 


| 
| 
| 
| 
| 
| 
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‘Commonplace mineral - 


comes from the arsenic it contains; pyromorphite, on 
the other hand, will simply melt without giving off any 
such odour because it contains no arsenic at all. 

In case of doubt about whether a specimen is 
mimetite or pyromorphite, it may be possible to have 
it tested by professionals who can be contacted 
through mineral clubs and societies: they will probably 
be only too pleased to help. 


Secondary mineral 
Pyromorphite is a common secondary mineral which 
is basically made up of lead, phosphorus, oxygen and 
chlorine. It is rather unusual in that it is one of the few 
minerals that has no cleavage. When broken, it merely 
splits with an uneven or sub-conchoidal fracture. 
Although it is a dense mineral, because of its lead 
content, pyromorphite is relatively soft. With a 
hardness of 3% to 4 on the Mohs Scale it can be 
marked by apatite but not by calcite. When rubbed 
against a white unglazed porcelain tile, it produces a 
white powder (the streak). 


> A Pyromorphite in a rock cavity. 
> Hexagonal pyromorphite crystals. 


v A hexagonal pyromorphite prism on a limonite base. 


MINERALS = 


PYROMORPHITE 


Group: Phosphates 


Crystal system: Hexagonal 
Chemical formula: Pb;(P0,)3C! 
Hardness: 34-4 

Density: 7.0-7.1 

Cleavage: Absent 

Fracture: Uneven to sub-conchoidal 


Colour: Green, brown, orange, yellow, grey 
Streak: White 
Lustre: Resinous 


Fluorescence: None 
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Pyromorphite forms as the result of alteration of 
pre-existent minerals in the oxidised zones of lead 
veins. It is therefore classed as a secondary mineral, 
and derives mainly from galena- and anglesite. 
Pyromorphite is quite common in many locations 
throughout the world. Some of the main deposits are 
at Broken Hill, New South Wales, Australia and at Bad 
Ems near Koblenz in Germany. Pyromorphite may also 
be found at Leadhills in Scotland. 


IImenite is a black mineral 
that gets its name from 
Lake Ilmen in the southern 
Urals of Russia. It is 
enormously valuable in 
industry because it is the second 
largest source of the metal titanium. 


pass through it. It is usually black, but it can 

also be brownish black. Some specimens are 
weakly magnetic when cold, and this sometimes 
causes it to be confused with magnetite. 


:55 is an opaque mineral — light cannot 


Uses of titanium 

Ilmenite is the world’s second largest source of 
titanium, after rutile. Titanium — which was 
discovered in 1791 by the English scientist William 
Gregor — is a strong, white metallic element that can 
be drawn out into long, thin threads when pure and 
beaten into thin sheets when it is heated. (In scientific 
terms it is ductile and malleable.) It has a very high 
melting point — about 1660°C. 

Titanium is extremely resistant to corrosion and 
that is why it is used in the manufacture of strong 
lightweight alloys, especially in aircraft parts, 
spacecraft, naval ships, guided missiles and armour 
plating for tanks. 


A A crystal of ilmenite from Froland, Arendal, Norway. 


Widely distributed in compounds in nature, 
titanium is also present in the Sun, some other stars, in 
meteorites and on the Moon. 

In chemical terms, ilmenite is the compound iron 
titanium oxide, but, typically, only 6 per cent of its 
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IImenite is a member of the oxide group of minerals - 
. itis an oxide of iron and titanium. It is black and 

opaque and its sheen (lustre) is often metallic or sub- 

metallic, although it may sometimes be dull in 


appearance. 

When a specimen of ilmenite is scraped along a 
piece of white unglazed porcelain, it shows a black to 
brownish black streak. 

IImenite crystals - which can be extremely large 
and sometimes run into each other - look like cubes 
with pyramids at top and bottom. They are often thick © 

. and tabular. 


4 IImenite on a rose quartz base from 
Bourg d'Oisans, Isére, France. 
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v lImenite is quite a 
widespread mineral, and 


ORIGINS and DISTRIBUTION 


it is found in many parts limenite is an important accessory mineral that is found in various igneous 
of the world. These rocks such as diorite, gabbro and pegmatite. It also sometimes occurs in 
crystals come from some metamorphic rocks such as gneiss, and in quartz veins with hematite 


Bancroft, Ontario, Canada. and chalcopyrite. 
IlImenite may be found concentrated in alluvial sands, where it occurs 
with magnetite, monazite and rutile. Rutile -which is 
titanium oxide - is the world's main industrial 
source of titanium: ilmenite is more 
abundant, but it is used less often 
in industry because of the iron 
impurities it contains. 
llmenite takes its name from the 
place where it was first discovered - Lake 
Ilmen in Russia. In England, it is found as a 
sand at Manaccan, Cornwall. 
Elsewhere, significant deposits have 
been recovered in Bancroft, Ontario, Canada; 
at Arendal, Norway and in the Binnental in 
Switzerland. Small crystals of ilmenite have 
been found at Bourg d'Oisans, Isére, France 
and at various locations in New York State, USA. 


| Industrial minera 


mass is iron oxide. Not all the rest is titanium, 
however — ilmenite is rarely found in its pure 


v An ilmenite 
specimen from 
Froland, Arendal, state, and most deposits have high percentages of 
Norway. Norway impurities, mainly of magnesium and manganese. 
has the largest specimens Titanium is isolated from compounds like ilmenite 
of ilmenite ever found. by heating them with carbon and then subjecting 


them to a reduction process. 


Ilmenite is sometimes found as enormous crystals. 

The largest crystals of ilmenite ever found were in 

Norway, where single crystals weighing between 6 and 
) g ) gning 

7kg have been recorded. 


Powdered ilmenite is soluble in concentrated 
hydrochloric acid. Another good clue to its identity is 
the weak magnetism it displays when cold. 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: FeTiO; 


Hardness: 5—6 
Density: 4.72-4.79 
Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Black 
Streak: Black to brownish black 
Lustre: Metallic to sub-metallic or dull 


Fluorescence: None 


Monoclinic Paul 


Crystals with constant and regular external shapes are said to display symmetry. 


This symmetry conforms to one of seven crystal systems. Here we look at 
the monoclinic system, one of the best-known examples of which is gypsum. 


Symmetry 
In simple terms, a symmetrical object is one that could 
be divided into two halves which would then form 
exact mirror images of one another. In simple shapes 
like cubes the symmetry is obvious, but it is also 
present in more complex shapes which do not at first 
sight appear to conform to any such pattern. To take 
just one example, the letter S has a line of symmetry 
which bisects it horizontally through the middle. 
Fortunately, it is not necessary to cut everything in half 
in order to demonstrate the truth of this proposition. 
All we need do is draw an imaginary line through the 
plane of symmetry which bisects the whole object. If a 
crystal is rotated through a complete circle (360?) 
around its axis of symmetry, it will show the same 
appearance twice, three times, four times or six times, 
depending on the system to which it belongs. These 
crystals are said to show, respectively, twofold, 
threefold, fourfold or sixfold symmetry. Note that 
there is no such thing in crystallography as ‘fivefold 
; 

symmetry’. 

A crystal may be described as being ‘symmetrical 
about a centre’ if a face on one side of the crystal has a 
correspondingly shaped parallel face on its opposite side. 


Monoclinic system 

The monoclinic crystal system is common in nature, 
and it has one twofold axis — that is, when a 
monoclinic crystal is revolved through a complete 
circle it will show the same shape twice. Its three axes 
are unequal in length, and two of them cannot be at 
right angles to each other. The third axis is at right 


A A specimen of azurite, which crystallises in the 
monoclinic system. 


Among the more common minerals with a monoclinic crystal structure are: 


acanthite boulangerite crocoite grunerite 
actinolite brochantite cryolite gypsum 
aegerine carnotite datolite harmotome 
annabergite chalcocite diopside hedenbergite 
antigorite chamosite epidote herderite 
arfvedsonite chondrodite erythrite heulandite 
arsenopyrite — chrysocolla euclase hornblende 
artinite chrysotile gadolinite hydrozincite 
augite clinochlore gibbsite jadeite 
azurite clinoclase glauberite jamesonite 
bayldonite clinozoisite glauconite jarlite 
biotite colemanite glaucophane  kernite 


laumontite 
lazulite 
leadhillite 
lepidolite 
linarite 
malachite 
manganite 
mesolite 
mimetite 
monazite 
muscovite 
neptunite 


orpiment 
orthoclase 
petalite 
phillipsite 
phlogopite 
polybasite 
pyrophyllite 
realgar 
richterite 
romanechite 
sanidine 
scolecite 


sphene 
spodumene 
staurolite 
stilbite 
syvanite 
talc 
tremolite 
trona 
vermiculite 
vivianite 
volborthite 
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4 Two typical 
monoclinic 
crystal shapes. 
The upper 
diagram 
represents 
orthoclase, 
the lower is 
hornblende. 


A A monoclinic crystal of epidote, 
shown in diagrammatic form. 
The parts highlighted in colour 
show the matching symmetrical 
faces of the crystal. 


angles to the plane containing the other two. The 
word monoclinic comes from the Greek words monos 
(single) and &/inein (to incline) — meaning it leans 
one way. 


Pinacoids and prisms 

Monoclinic crystals may take the form of pinacoids 
or prisms. À pinacoid is a pair of parallel faces; a 
prism is a form with a consistent cross section. These 
are known as ‘open forms’ because they do not alone 
comprise a complete solid, and can only exist in 
conjunction with other shapes to form a whole 
crystal. This helps explain why some minerals look 
like hexagons but in fact belong to the monoclinic or 
some crystal system other than the hexagonal system. 
Among the better known monoclinic crystals are 
micas (which form as platy — flat or broad — crystals), 
gypsum (which forms in table-top — tabular — shapes 
or as long prisms) and pyroxenes and amphiboles 
(which form stubby prisms). 


Two more minerals with monoclinic crystals are 
A erythrite and Y colemanite. 
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Many minerals that are not particularly 
striking to look at can provide vital 
components in a wide range of industrial 
and medical functions. These are the 
workhorses of the geological world. 


early all the minerals used in commerce can 

be conveniently divided into two broad 

groupings — those that are plain but useful in 
industry, and sub-standard gemstones which are not 
good enough to be used as jewellery. 

Diamond and corundum (of which the gemstones 
ruby and sapphire are the most beautiful and precious 
varieties) are the hardest natural substances and the 
most beautiful specimens of these materials are 
fashioned by highly skilled craftsmen for rings and 
brooches and other forms of ornamentation. 

But many of the diamonds and corundums 
extracted from the ground each year do not quite 
make the grade demanded by gemmologists and 
jewellers. This may be because they have flaws in their 
structure, or their colour may not be quite what is 
demanded by gem-buyers. 

This does not mean that these 'seconds are 
worthless: on the contrary, their hardness makes them 
extremely important as abrasives. Diamonds are used 
as the bits in drills because everything they rub against 


Crystals of magnesium sulphate shown in a polarised 
light micrograph. Magnesium sulphate occurs naturally 
in the mineral kieserite and may be used in the textile 
industry as a dressing for cotton goods and as a dyeing 
agent. In its hydrated form, magnesium sulphate is 
known as Epsom salts and can be used as a water 
softener in bath salts. 


will be softer than they are themselves; they will 
therefore wear away and cut through any natural 
substance in the world. Powdered corundum is used on 
emery paper, emery board and emery cloth. 

From this we can see that many gemstone specimens 
which are not good-looking enough to be made into 
jewellery may still be useful as industrial abrasives 
because they are so hard. 

In the final analysis, the determining factor governing 
the use to which any particular gemstone specimen is 
put is the price it will fetch on the open market. 


Because most minerals are compounds of a number of 
elements, they usually have to be chemically refined in 
order to obtain the commercially useful element they 
contain. The following metallic minerals are good 
examples of this. 

Iron is one of the most important elements known 
to Man. Anything you see around you that is made of 
steel — such as cars, bridges and door lintels — must 
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Minerals in commerce 


contain iron. But iron rarely occurs on its own in 
nature, so it has to be extracted from mineral ores. 
The main sources of iron are hematite, ilmenite, 
limonite, magnetite, pyrite and siderite, and every 


one of these minerals is mined on a huge scale in many 


parts of the world. 

Lead is used in a wide range of materials, including 
vehicle batteries and the alloys that make up pewter 
and solder. Because lead is such a useful commodity, 
minerals that contain high concentrations of the metal 
are very valuable in industry. Lead is found in many 
minerals: the foremost is galena, and among the others 
are anglesite, cerussite and litharge. 

Zinc — which often occurs near lead — is used in 
batteries and to galvanise iron to prevent its rusting. 
The main industrial sources of this blue-white metallic 
element are the minerals sphalerite (also known as zinc 
blende) and smithsonite. 

Radioactive uranium is used in nuclear reactors and 
nuclear weapons. The chief ore of this fascinating and 
dangerous material is pitchblende, a form of the 
mineral uraninite. 

These are only a few of the better known ores of 
some of the most important metals; there are many 
others as well. In general, it is possible to say that a 
mineral which contains a metallic element, and from 
which that element can be economically extracted, is 
by definition a valuable mineral. 

Other minerals are commercially useful in 
themselves, and do not need to undergo any 


A fine, grape-shaped (botryoidal) specimen of the mineral hematite, which is 
very valuable as one of the main industrial sources of iron. 


purification or extraction processes before they become 
valuable. Epsomite is a good example of this type 
because it is made of magnesium sulphate. This 
compound — popularly known as Epsom salts and 
renowned for its bitter, salty taste — is used as a laxative 
and for tanning leather. 


Some minerals would be valuable if they occurred in 
large enough deposits to make mining commercially 
worthwhile. Atacamite, for example, contains a high 
concentration of copper, which is very important for 
electrical wiring and alloys. Yet although atacamite is a 
fairly widespread mineral, it is only in Chile that it is 
plentiful enough to make it cost effective to invest all 
the money that is needed to set up the infrastructure 
of an industrial mine. 

Finally, many minerals which are widely available 
and known to contain much useful material still 
remain underexploited because scientists have not 
yet found a viable means of making full use of them. 
For instance, zeolite minerals, such as analcime, 
heulandite and laumontite, are highly absorbent 
of other materials, including gases, and may 
consequently have a tremendous future as odour 
removers. 

But these minerals will not be widely used for 
this purpose until they can be produced much more 
cheaply than is possible at the moment, and are 
available at a an affordable price. 


This tip of a dentist's 
drill, magnified over 100 
times by a Scanning 
Electron Micrograph 
(SEM), clearly shows 
the numerous diamond 
particles encrusted over 
its surface. 


Preparing 
your specimens 


The mineral specimens displayed in shops and museums may not have been found in 


the state you see them. Some cleaning and other preparation work may have been 
carried out. Amateur mineral collectors also need to learn how to clean their 


specimens and how to remove fragments of rock. Both these skills make a specimen 


more presentable - although some specimens are best left just as they were found. 


any of the most interesting mineral species 
Me hidden away, buried in the ground 

among less useful, fairly nondescript 
materials. One of the greatest pleasures of mineralogy 
is the satisfaction that can be obtained from working 
on a mineral in its unrefined state until it is ready to 
take its place among the finest specimens in a mineral 
collection. 

There are many minerals which look quite 

unremarkable in their raw state but, with careful work, 
can be turned into breathtaking display pieces. 


Hidden beryl 

Beryl often occurs in granite and pegmatite. Both 
these rocks are composed of mica, feldspar and quarz, 
and these minerals may have to be very carefully 
removed from around the beryl crystal in order to 


4 A geological hammer. Safety goggles should always 
be worn when this tool is being used. 


<A vice for clamping mineralogical specimens while 
they are being worked on. 


display it. However, it is often the case that a beautiful 
beryl crystal will make a fine specimen if it is left in its 
granite matrix, so the difficult removal of the granitic 
material may not be required. 

Green prehnite is also concealed inside white, 
massive datolite. Pink analcime occurs among sheets 
(lamellae) that are made of the less interesting 
apophyllite. 

Mineralogists employ many different techniques 
to remove interesting minerals from the rocks and 
extraneous matter in which they occur. To begin with, 
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g your Specimens 


Preparin 


the sought-after mineral will often need to be cut out 
of its base. This is typically performed with the help of 
small chisels or cutters, which may be either manually 
operated or motorised. 

Once the largest lumps of surrounding rock have 
been chipped away from the specimen in this way, the 
geologist is then ready to start work on removing the 
smaller pieces of unwanted material from the surfaces 
of the crystal. These last little bits are often the hardest 
and most obstinate pieces to remove, not least because 
they join directly onto the surface of the required 
mineral and, if that is scratched or otherwise 
damaged, all the earlier work will have been for 
nothing. 


Aci ids for cleaning 

Some minerals are covered only with soil and can be 
cleaned with the tip of a penknife, a soft brush or a 
distilled water spray. Other unwanted material may be 
more tightly attached and much harder to dislodge. 
Experienced mineral collectors will use hydrochloric 
acid to remove limestone from crystal specimens, but 
it cannot be stressed too often or too strongly that this 
is not to be undertaken 
by the beginner or the 
very young mineral 
collector without adult 
supervision. If acids 

are used, it is very 
important to ensure 
that the laboratory or 
work area has adequate 
ventilation so that 

there is no risk of 
inhaling the harmful 
fumes that are given off 
by the acid. 

After working with 
acids, the waste must 
be disposed of very 
carefully — do not, for 
example, pour it down 
the sink because it may corrode the pipes that lead 
from the kitchen to the drains. 

Even experts need to be very careful when using 
acids because excessive, heavy-handed use will have a 
detrimental effect on the specimens: they will end up 
looking washed out and discoloured, or else the edges 
of the crystal will wear away. 


Keeping the matrix 

Even if you are not allowed to use acids to clean your 
specimens, all is not lost because you will be able to 
keep the enclosing rock (matrix). Although it may not 
look much, it is this that provides the best evidence of 
the history and origins of the mineral specimen. So, 
although a mineral crystal may look very beautiful 
when removed from its base (matrix) and mounted, 
this may well reduce its scientific interest. 


4 The wrong way to work with a, 
hammer. This young man risks 
serious damage to his eyes from 
flying splinters. 


à < A scalpel is not the correct tool to remove small 
fragments of rock - a small chisel should be used. 


4 A cutting machine is an expensive piece of equipment 
that should only be used by adult experts. 


The best mineralogists always try as far as 
possible to maintain a careful balance in their 
collections between cut and polished specimens and 
other pieces which have been kept very much within 
the same surroundings they had when they were still in 
the Earth. 

The more information available about specimens 
the better, and mineralogists always bear in mind 
that the value of a collection largely depends on the 
amount of information recorded about the identity 
and derivation of each constituent mineral specimen. 
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smithsonite, tetrahedrite 
and lithiophylite and 
discover the secrets of 
triclinic crystals 


..and more! 


| MINERALS 


Gypsum has many industrial 
= uses, the best known 
| A being in the 
manufacture of plaster 
and plasterboard. 


ypsum is usually white or 

colourless but may sometimes be 

shades of brown, grey, red or 
yellow. Its name is derived from gupsos, 
the Greek word for ‘chalk’. Gypsum is a 
common mineral that may have a wide 
variety of different forms. 


Selenite and desert rose 
The finest transparent crystals of gypsum are 
sometimes known by the alternative name 
selenite — although these are valued by mineral 
collectors, they are too soft to be classified as 
gemstones. The flower-shaped variety of gypsum A An aggregate of acicular gypsum crystals (selenite). 
is known as desert rose. 
Y A prismatic crystal of transparent gypsum. 
Satin spar 
Fibrous, massive 
aggregates of gypsum 
are known as satin 
spar: this form of the 
mineral is translucent 
and may be cut into 
smooth, domed 
cabochons for use 
in jewellery. 


Hes SURES 


GYPSUM Gypsum forms as a result of the evaporation of 
Group: Sulphates seas or salt-water lakes. It is thus classified as an 
Crystal system: Monoclinic evaporite, a type of sedimentary deposit. It forms in 
Chemical formula: CaS0,.2H,0 bedded deposits, often in association with anhydrite 
Hardness: 2 and halite. 

Density: 2.3 The following locations are among the main 
Cleavage: Perfect sources of gypsum worldwide: New Brunswick and 
Fracture: Uneven Nova Scotia (Canada); the Atacama Desert (Chile); 
Colour: Colourless, white, grey, brownish, yellowish, reddish Cheshire, North Yorkshire and Durham (England); 
Streak: White the Paris Basin (France); Bologna and Sicily (Italy); 
Lustre: Vitreous to pearly Chihuahua (Mexico); California, Colorado, Utah, South 


Fluorescence: Greenish Dakota, lowa, Kansas and New Mexico (USA). 


Industrial mineral 


AA A specimen of twinned gypsum crystals from 
the mineralogical collection of the Natural History 
Museum in London (England). 


A A crystal of gypsum displayed at a mineralogical 
museum in Agordo (Italy). 


> Gypsum in association with celestine. 


Alabaster 

Fine-grained, massive gypsum is known as alabaster. 
Alabaster occurs naturally in light shades, but its 
colours may be enhanced by staining. High-grade 
alabaster may be used to make statues and ornaments, 


which are then polished. 


Industrial uses 
Gypsum has a wide range of industrial uses. The 
massive form of the mineral is used in fertilisers, as a 
filler in paper and textiles, and in cement. 

About 75 per cent of all the gypsum obtained from 
the Earth is used to make plaster of Paris. This white 
cementing material is made by partial or complete 


Gypsum is a member of the sulphate group of 
minerals. Each molecule is composed of one atom of 
calcium, one atom of sulphur and four atoms of 
oxygen; there are also two attached molecules of 
water of crystallisation. 

Crystals of gypsum conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. Externally, they often 
appear in table-top (tabular) shapes. Many crystals 
grow together - a phenomenon known as twinning - 
and this may result in a distinctive 'swallow-tail' 
effect. Some crystals are transparent. 

If a specimen of gypsum is rubbed along a 
piece of white, unglazed porcelain, it will reveal a 
white streak. This means that the colour variations 
| displayed by this mineral are caused by the presence 
_ of impurities. 
| When gypsum is placed under an ultraviolet lamp, 
. it may emit a distinctive greenish light of its own; the 
| scientific term for this effect is fluorescence. | 


dehydration of the basic mineral and is widely used 
by doctors to set broken bones. 

Gypsum is also important in the building 
industry. It is a vital constituent of building materials 
such as plaster and cement, and is widely used in the 
manufacture of glass and various types of paint. 


Tests 
Gypsum is extremely soft (it scores only 2 on the 
Mohs Scale of hardness and may be scratched with 9 


a fingernail). It is soluble in acids. 


WARNING: Acids must always be handled with great 
care and must never be used without adult supervision. 


Danburite is a rare mineral 
whose sparkling crystals 
make a valued addition 

to many mineralogical collections. 


anburite can be a variety of colours: 
D it may be white, brown, gold or pale pink but 
is usually altogether colourless. It was 
originally identified as a separate mineral in 1839 
and named after a town near which it was discovered — 
Danbury, near Fairfield in Connecticut, USA. Some 
crystals of danburite are gem-quality and resemble 
precious topaz. 


Limited gemstone use 
Although danburite is relatively hard, measuring 7 on 
the Mohs Scale of hardness, it is also brittle, which 
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Danburite is a member of the silicate group of 
minerals. It is a silicate of the elements calcium 
, and boron. 
| Crystals of danburite belong to the orthorhombic 
| system, the basic shape of which resembles flattened 
| table tops (tabular habit). However, many danburite 
| crystals are prismatic with diamond-shaped cross 
sections. When it does not appear in crystal form, 
danburite commonly occurs as shapeless specimens 
(massive habit). 
Danburite is hard - it scores 
7 on the Mohs Scale and can 
easily scratch glass, steel 
and copper. 


AA Clear, prismatic crystals of danburite 
from Switzerland. 


A> A faceted danburite crystal weighing 
9 carats from Madagascar. 


4 Prismatic danburite from Liguria, Italy. 


DANBURITE 


Group: Silicates 


Crystal system: Orthorhombic 


Chemical formula: CaB;Si;0; 
Hardness: 7 


Density: 2.97—3.02 


Cleavage: None 


Fracture: Conchoidal 


Colour: Colourless, white, yellow, pink, brown 


Streak: Colourless 


ORIGINS and DISTRIBUTION 


Danburite occurs with feldspar in deposits of dolomite. 

Despite the fact that danburite is a rare mineral, it is fairly 
widespread and occurs in many parts of the world, albeit in small 
quantities. 

One of the main sources is still at Danbury, Connecticut, USA, 
from which it was given its name. Some of the crystals found at 
Charcas in San Luis Potosi State, Mexico, have measured more than 
8cm in length. Elsewhere, danburite occurs in the following 
locations: at Mogok in Myanmar (Burma); at Lazio in Italy; Kyushu in 


Lustre: Vitreous 


Fluorescence: None 


A Prismatic danburite crystals from 
Lazio in Italy. 


limits its use as a gemstone since it tends to break 
when being cut and faceted. 

On the rare occasions when danburite is used 
in jewellery, it is most commonly cut in facets or in 
cabochons, and the crystals are cut at 40° along both 
the crown and pavilion surfaces. 

Among the other popular cuts for this beautiful 
mineral are the brilliant, the mixed cut and the step. 
(For a full explanation of gem-cutting terms, see 
Discovery 9 and 11.) 

Even though danburite is seldom used to make 
jewellery, it is often fashioned by craftsmen to form 
attractive display pieces for mineral collections. 


Japan; at Maharitra in Madagascar; and at Vals in Switzerland. 


v Colourless danburite crystals from Switzerland. 


«< A clear, yellowish crystal of 
danburite that has been cut in 
facets (Madagascar.) 


Danburite can sometimes show different colours 
depending on the position of the light source and the 
angle from which it is viewed. This phenomenon is 
known as pleochroism and although danburite’s 
pleochroism is fairly weak, it nevertheless enhances 
the appearance and the value of the mineral. 

Danburite looks similar to the more valuable topaz, 
but under analysis the two can be differentiated quite 
easily. This is partly because danburite is less hard than 
topaz and partly because topaz has perfect cleavage 


while that of danburite is very poor. 9 


Tests 

Danburite is insoluble in hydrochloric acid. It fuses 
(melts) easily in an open flame, which is coloured 
green by the presence of boron. 


Perovskite is popular with 
mineral collectors because its 
specimens are often striking 
and attractive in appearance. 


he colour of perovskite ranges from pale yellow, 
through orange and brown, to greyish black. It 


was first discovered in the Ural Mountains of 
Russia in 1839 by the geologist Gustav Rose and was 
named in honour of Count V.A. von Perovski (1795— 
1857), a distinguished Russian mineralogist from St 
Petersburg. 


Interesting varieties 

The chemical composition of perovskite consists 
of about 30 per cent calcium, 35 per cent titanium, 
and 35 per cent oxygen. Sometimes perovskite may 
also contain small quantities of iron or niobium, 


and if these metals are present in sufficient quantities 
the mineral may then become known as either 
dysanalite or knopite. 


> A Pseudocubic perovskite. 


v Perovskite with black garnet and pale calcite. 


Perovskite is a member of the oxide group of 

minerals. It contains the chemical elements calcium, 

titanium and oxygen. Crystals of perovskite belong 

to the orthorhombic system but usually appear in 

pseudocubic form. They often have a number of 
grooves (striations) parallel to 
their edges. 

Perovskite is a moderately 
heavy mineral, weighing four 
times as much as the equivalent 
volume of water. 

Although perovskite will 
break off along its weakest 
planes when it is struck with a 
hammer or exposed to similar 
forms of pressure, this cleavage 
is not always apparent and it is 
therefore classified as indistinct. 
It breaks with an uneven or 
subconchoidal fracture. 

If a rough specimen of 
perovskite is rubbed along a 
piece of white, unglazed 
porcelain it will leave a 
colourless or pale grey streak: | 
this is the colour of the mineral | 
when it is reduced to powder. | 
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An unusual feature 

One of the main features of perovskite is the unusual 
form of its crystals. These are basically orthorhombic 
in symmetry (see Discovery 43), but they appear in 
what is known as pseudocubic form — that is, they take 
the shape of cubes which roughly resemble dice. In 
short, it may be said that perovskite crystals are cubes 
but are not classified in the cubic system. 


v Pseudocubic crystals of perovskite on a rock base. 


FACT FILE 
PEROVSKITE 


Group: Oxides 

Crystal system: Orthorhombic 
Chemical formula: CaTiO; 
Hardness: 57 

Density: 4 

Cleavage: Indistinct 

Fracture: Uneven or subconchoidal 
Colour: Yellow, orange, brown, black 
Streak: Colourless to pale grey 
Lustre: Adamantine to metallic 
Fluorescence: None 


Tests and treatment 

Perovskite will not melt when it is held in an open 
flame (that is, it is infusible), and it will not dissolve in 
anything except hot, concentrated sulphuric acid. 

The mineral is moderately hard, measuring 5% on 
the Mohs Scale of hardness, and slightly above average 
density, being four times as heavy as the equivalent 
volume of water. 

It is a brittle mineral with indistinct cleavage. 
Specimens should be cleaned with distilled water. 


ORIGINS and DISTRIBUTION (€ 4 


Most perovskite is found in chlorite or talc schists or 
in serpentine rocks. In certain locations it is an 
accessory mineral in some igneous rocks, including 
basalt and syenite. (Accessory minerals occur in rocks 
but are not themselves important rock-formers.) 

The world's main perovskite deposits occur in the 
following locations: the Quebec province of Canada; 
around Bolzano in the Tyrol; Val d'Aosta in Piedmont 
and in the volcanic outcrops of Mount Somma near 
Naples in Italy; in the Ural mountains of Russia; near 
the Findelen glacier at Zermatt, Switzerland; and at 
Magnet Cove, Arkansas, USA. 


Uranophane is radioactive. 

It is therefore dangerous 

and so, even though it is 

attractive, it is unsuitable for 
collection by amateur mineralogists. 
Uranophane is often found with 
uraninite, another radioactive mineral. 


| colour, although some specimens may be 
amber or brown. The first discovery of 
uranophane was made in Kupferberg, near Bayreuth 
in Germany, in 1853. 


| T ranophane is usually a pale yellow or lemon 


Origin of name 

The name uranophane is a combination of part of the 
word ‘uranium’ with the Greek word phanos, which 
means ‘to appear or ‘to show’. 


AY Delicate crystal shapes like these make uranophane 
a very attractive mineral. However, it is dangerous to 
handle and should not be collected by amateurs. 


minerals. It is a silicate of calcium and uranium which | 
has five molecules of attached water of crystallisation. | 

Crystals of uranophane belong to the monoclinic 
system in which no crystallographic axis is the same 
length as any other. The external appearance of 
uranophane crystals often resembles needles or very 
. thin hairs (acicular). Uranophane may also appear in 
fibrous aggregates or as felt-like coatings. 

Uranophane sometimes takes on the external 
appearance of uraninite. Such formation is known as 
pseudomorphism, and when uranophane takes this 
shape it is called a pseudomorph. 


When pseudomorphism is suspected, tests 
can be carried out to determine the exact chemical 
composition of the minerals involved - in this case, 
scientists look for calcium and silicon because 
uranophane contains both elements, whereas 
uraninite contains only uranium and oxygen. 

When uranophane is struck with a hammer or 
exposed to pressure, it will split off cleanly along its 
weakest surfaces (perfect cleavage). Uranophane 
shows a weak yellow-green fluorescence in 
ultraviolet light. 
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A secondary mineral 
Uranophane is a secondary mineral that forms only 
through the alteration of pre-existent, primary 
uraninite. Although uranophane is derived from 
uraninite, the two minerals are very different. Whereas 
uranophane crystallises in the monoclinic crystal 
system, uraninite is classified in the cubic system. 
Uraninite is black or blackish in colour, not yellow 
like uranophane. Scoring 5—6 on the Mohs Scale, it is 
much harder than uranophane which registers only 2%, 
and is also much heavier. The lustre of uraninite is 
submetallic, while that of uranophane is vitreous. 


Distribution 

Uranophane is a widespread mineral — that is, it has 
been found in many different locations around the 
world — but it never appears in sufficiently large 
deposits to be exploited commercially for its uranium 
content. Most uranophane is obtained quite 
fortuitously during the excavation of uraninite. 


FACT FILE 


URANOPHANE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Ca(U0;)SiO4(0H);.5H;0 
Hardness: 27 

Density: 3.8 

Cleavage: Perfect 

Fracture: Hackly 

Colour: Yellow 


Streak: Pale yellow 


Lustre: Vitreous to greasy 


Fluorescence: Yellow-green 


Because of its radioactivity, it is much better for 
amateur mineral collectors to know about uranophane 
than to own it. In scientific collections uranophane is 
stored in a plastic container wrapped in lead. 


4 Needle-shaped 
(acicular) crystals of 
uranophane. 


ORIGINS and , 
DISTRIBUTION* 


"Uranophane is a secondary 
mineral which forms only 
through the alteration of a 
pre-existent mineral. 

The source mineral of. 
uranophane is uraninite. 
However, uranophane is 
not found in all uraninite 
deposits, but only in those 
which occur in oxidised 
zones. 

Uranophane deposits occur 
in the following locations: in 
the Puy-de-Dóme and Haut 
Vienne districts of France; 
around Wólsendorf, Germany; 
near Como and in Trentino, 
Italy; in the Hanosh mine in 
Grants District, New Mexico, 
USA; and in the Shaba 
province of Zaire. 


Violan 


Violane is one of the world's 
rarest minerals and is highly 


ü 


prized by collectors. 


iolane — also known as violan — is a violet 

variety of diopside. Diopside is often green, 

but violane owes its distinctive colour to the 
presence of tiny manganese impurities within its 
crystal structure. Violane has been discovered only 
in Italy, and even there it occurs 


in only small deposits. The 
name violane comes from 
the Italian word for 
‘violet’. 

Violane is sometimes 
used as a gemstone, when 
it is cut in cabochons, 
polished and smoothed 
into beads, or used to 
make engraved ornaments. 
Gem-quality crystals fetch 
very high prices. This is 
partly because of their fine 
colour and great natural 
beauty, but mainly 
because they are so rare. 


VIOLANE 


Group: Silicates 


| MINERALS 


Crystal system: Monoclinic 
Chemical formula: CaMgSi;0; 


Hardness: 5/64 
Density: 3.2-3.4 
Cleavage: Good 


Fracture: Uneven 


Colour: Violet 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


A Violane with grey crystals 
of quartz. 


v4 A compact mass of violane. 
This specimen comes from Val 
d'Aosta in Italy. 


CHARACTERISTICS 


Violane is a member of the 
silicate group of minerals. 
It is a silicate of calcium and 
magnesium and also contains 
manganese. If there is no 
manganese, violane will not 
take on the characteristic violet 
colour without which it is 
simply ordinary diopside. 
Crystals of violane belong to 
the common monoclinic system 
in which none of the axes is the 
same length as any other. Other 
monoclinic minerals include 
glaucophane and jadeite. 
Violane is moderately hard, 
scoring 5% to 64 on the Mohs 
Scale of hardness. 


VI 


Violane was first discovered in the late 19th 
century in Val d'Aosta in northern Italy at a mine 


from which the manganese ore braunite was extracted 


for use in industry. 


Chemical make-up 

Diopside — the mineral of which violane is 

a variety — is made up of the elements calcium, 
magnesium, silicon and oxygen. Violane contains 
all these elements, but the magnesium is substituted 
to some degree by manganese — the greater the 
concentration of manganese, the more intense the 
violet colouring will appear. 


4 Violane cut in a 
smooth cabochon. 


v Violane in a 
rock matrix. 
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ORIGINS and DISTRIBUTION € 


Violane forms in rocks whose original composition 
has been altered by the action of heat, pressure 
or chemical reaction with surrounding rocks 
(metamorphic rocks). 

As a form of diopside, violane occurs in similar. 
rocks. Diopside is a common silicate mineral that 
forms in a wide vaiety of igneous and metamorphic 
rocks. These include basic and ultra-basic igneous 
rocks such as gabbro and dolerite. It also forms in 
metamorphosed limestones and is not uncommon in 
meteorites. 

Violane, which only occurs in Italy, is found in 
rocks in which there is manganese available to give it 
its attractive violet colouring. 

Diopside is extremely common and widespread by 
comparison with violane, which is found only in Italy. 


A A mass of violane in a matrix of quartz 
and braunite (Val d'Aosta, Italy). 


Earthquakes occur when rocks within 
the Earth's crust break and slide. 
Although they are over fairly quickly - 
the longest earthquake ever recorded 
lasted for only ten minutes - the worst 
earthquake can unleash enough power 
to destroy whole cities. 


arthquakes are very common right across the 

world — there are several thousand in an average 

year — but most of them are either too small to 
be felt or else occur in areas too remote to cause any 
damage. About 15, however, are devastating and kill 
approximately 2000 people each year. 

Earthquakes normally occur close to the Earth's 
surface in a 100km-thick outer shell which is known 
as the lithosphere. The lithosphere is divided into 
about 15 plates which move around independently 
and sometimes collide. This movement causes 
underground tremors which are sometimes powerful 
enough to be felt on the surface of the Earth. Most 
earthquakes occur at the boundaries between these 
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A satellite map of ground displacement after an 
earthquake at Landers, California, USA, on 28 June 1992, 
which registered 7.3 on the Richter Scale. The lines are 
closest together at the epicentre of the earthquake. 
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Severe damage caused to buildings in San Francisco, 
California, after an earthquake on 17 October 1989, 
which registered 6.9 on the Richter Scale. The epicentre 
of the earthquake was at Loma Prieta, some 100km 
south of San Francisco. 


soxyenbu3Je3 


Eartquakes 


Anchorage, Alaska, USA 
on 27 March 1964. This 
earthquake lasted for 
seven minutes and had a 
magnitude of 8.6 on the 
Richter Scale. 


This truck uses 
sound waves to test 
for slippages in the 
underlying rock structure. 


plates, and about half the 
world's earthquakes occur 
on the plate boundary 
which runs around the 


edge of the Pacific Ocean 


and passes through the 
notorious earthquake 
blackspots of Japan and 
the west coast of North 
America. These plates 
are otherwise known as 
tectonic plates and 

their margins are also 
responsible for volcanoes. 
Yet although volcanoes 
and earthquakes often 
occur in the same areas, 
they seldom occur in the 
same place at the same 
time because the forces 
that produce them are 
only indirectly related. 


An earthquake is always 
felt most strongly at the 
point on the Earth's 


dE 


surface which is directly 
above the site of the slippage, and it is here that the 
worst damage occurs. This point is called the epicentre 
of the earthquake. 

Earthquakes are measured by the size of the 
fracture (fault) that causes them and by the total 
amount of slippage (displacement) that occurs. The 
larger the fault surface and slippage, the greater the 
energy released during the earthquake. In addition to 
deforming the rock near the fault, this energy produces 
the shaking that occurs at the time of the earthquake. 
These shock waves are called seismic waves and they 
can be detected at great distances from the epicentre of 
an earthquake — indeed, they can travel right around 
the circumference of the Earth in less than 20 minutes. 

Seismic waves are monitored by scientific 
instruments called seismometers, which are sensitive 
enough to pick up vibrations wherever they may occur, 
even on the floors of distant oceans. 


There are several different methods of measuring the 
intensity of earthquakes, but the best known is the 
system devised in the 1930s by US scientist Charles 
Richter. The Richter Scale is graded from 1 to 12, and 
each grade is ten times greater than the one below it. 
Richter force 1 is the lowest tremor on the scale: in this 
sort of quake, the shaking is weak and is only picked 
up by highly sensitive instruments. In a force 12 
earthquake, almost all man-made structures are 
completely destroyed. 

Earthquakes can sometimes be predicted. Among 
the signs that seismologists look out for are the 
sudden lowering of groundwater levels, increased 
concentration of rare gases in well water and changes 
in the Earth's magnetic field. Unfortunately, this is not 
yet an exact science and that is why earthquakes still 
cause so much damage and so many deaths. 


BANGLADESH ,” 


GROUNDWORK 


a On the mineral trail: 
Myanmar 


MAIN GEOGRAP 


CHINA 


-—. 


x 


THAILAND 


MAJOR 
MINERAL 


DEPOSITS 

yanmar is one of the least densely populated 
Messi in Asia. It is a land of villages 
where less than a quarter of the 43 million 
population lives in urban areas. Bounded in the east by 
China, Laos and Thailand, and in the west by the 
Indian Ocean, Bangladesh and India, Myanmar’s most 
important mineral resources include petroleum, lead, 
zinc, tin, tungsten, natural gas, copper, silver, rubies, 


sapphires and jade. 


Three main regions 
Myanmar can be divided into three main 
topographical regions. In the west there is a mountain 


Myanmar (also known as 
Burma) occupies an area of 
some 678,000 sq km. Its 
mineral resources have long 
been considered among the 
richest of 
any country 
in southeast 


Asia. 
Nevertheless, 
Myanmar's 
c “| potential 
remains to a large extent 


unexploited. There are 
several reasons for this, but 
the main cause is probably 
government reluctance to 
allow foreign investment in 
the mining industry. 


zone comprising the Arakan Yomas 
and the Chin Hills. This zone acts as a 
kind of barrier separating the western 
seaboard from the rest of the country. 
The central highland plateau is known 
as the Shan Massif. This is part of the 
Indo-Malayan block of ancient rocks 
that forms the core of Southeast Asia. 
Finally, the central basin, which is 
occupied by the Irrawaddy and the Sittang rivers, 
forms a trough between the Arakan Yomas and the 
Shan plateau. 


Natural resources 

Petroleum is the most important natural resource. 
Oilfields occur in a line down the middle of Myanmar 
from the Arakan Yomas. From 1909 to 1939 the 
nations output of crude petroleum was more than a 
million tonnes a year, and pre-war Burma was the 
largest oil producer within the British Empire. War 
severely disrupted the industry but in the 1960s 


output once again began to increase and new oilfields 
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A Myanmar villagers panning 
for precious gemstones in the 
Irrawaddy River. 


have been exploited by the 
Burmah Oil Company at Ondwe 
in central Myanmar and in the 
Irrawaddy delta region. Refineries 
at Chauk in the interior and 
Syriam near Rangoon are 
connected to the oilfields by a 
network of overland pipelines. 

There are small coal deposits 
at Kalewa but the coal is of poor 
quality. More importantly, iron 
ore deposits occur at Pang Pet, 
east of Meiktila. Small, scattered 
deposits of iron are also found in 
the hills. Lead, zinc, silver, copper, tin, tungsten and 
gold occur in various parts of the country but current 
output of all these minerals has declined greatly from 
pre-war levels. 

Minerals now account for less than 10 per cent 
of Myanmars export earnings — before 1939 the 
proportion was over 40 per cent. Nevertheless, there 
are still many mineral-rich regions within Myanmar 
whose wealth is waiting to be fully exploited. 


Precious gems 

The deep green peridots of Myanmar are world 
famous. Specimens of peridot range from transparent 
to translucent. 

Retinite (or 'burmite' as it is sometimes known) 
comes from the Hukong valley. This amber-like resin 
is not only redder than the famous Baltic amber, but 
also harder and denser. 

Gem varieties of chrysoberyl can be found at 
Mogok, as indeed can a wide range of gemstones such 
as ruby, jade, emerald, amethyst, iolite and lapis lazuli. 

The mysterious painite (named after A.C.D. Pain 
who found a single crystal among the gem gravels near 


the village of Ohgaing in 1951) is a deep red mineral 


that crystallises in the hexagonal system. It is difficult 
to distinguish from a garnet. 

Jade (jadeite) mining has flourished in the past in 
Myanmar. The best deposits are located in the hills 
north of the Uru river. As at the Tawmaw mines, fires 
used to be built on the rock face in order to crack the 
jade which could then be split open by hammer and 
wedge. Most jade from the region is whitish or pale 
green. In 1982 the world's largest piece of jade was 
discovered in Myanmar: it weighed 33 tonnes. 


The Shan plateau 

This is one of the most important mineral-producing 
areas of Myanmar. At Bawdwin there are rich silver- 
lead deposits with associated zinc and copper ore and 
modern mining and refining plants to extract and treat 
them. Tin and wolframite also occur and at Mogok 
fine rubies are to be found. 
Myanmar has in the past held a 
virtual monopoly over the ruby 
trade, and the Gem Emporium 
held in Rangoon every 
February has become one of 
the world's most important 
international gem fairs. 


4 The red gemstones in this 
photograph are rubies from 
Myanmar. Ruby is the precious 
red variety of corundum. 


Y A view over the mineral-rich 
Irrawaddy River which runs the 
length of Myanmar. 
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Obsidian is a beautiful form of natural glass that is 
found in areas of volcanic activity. It has been 


known since prehistoric times, when it was often 
used in weaponry. Today, obsidian is 


sometimes used to make a 
range of jewellery. 


bsidian is a glassy volcanic 
rock that is rich in silica 
and has the same chemical 


composition as granite and rhyolite. 
It is usually black but may rarely 
appear blue, brown, green, grey 

or red. Some black specimens are 
speckled white: these are known 

as 'snowflake obsidian'. 

The name obsidian is probably 
derived from the Latin /apis 
obsidianus (stone of Obsidianus): 
this was the term used by Pliny the 
Elder (AD 23—79) to describe a gem 
resembling obsidian that was first 
brought to Rome from Ethiopia by 
someone known only as Obsidianus. 

Obsidian is a silica-rich rock that 
forms when molten lava solidifies too 
quickly to form crystals and results in an amorphous 
(shapeless) mass. 

Because obsidian is a volcanic glass, when it is 
broken the fragments have very sharp edges. For 
thousands of years obsidian was fashioned into 
arrowheads and blades for daggers and swords. 
Obsidian has also been used since the Stone Age 
to make masks, mirrors and cutting tools. 


A> A specimen of black obsidian, showing clearly its 
glassy sheen and conchoidal lines of fracture. 


FACT FILE 


OBSIDIAN 


Type: Volcanic rock 


Essential components: Silicon and oxygen 


Colour: Black to dark grey 


Density: 2.35 


Fracture: Conchoidal 


CHARACTERISTICS 


Although obsidian is basically made up of silicon and 
oxygen, its exact chemical composition is too variable 
for it to be categorised with any degree of accuracy. 

Even though it is sometimes cut and polished, 
obsidian is not a mineral but a volcanic rock. It is 
formed by volcanic activity when lava is erupted 
and cools so rapidly that no obvious mineral 
crystals are formed. Chemically it is an acid igneous 
rock, that is, one which is rich in silica. Granite, quartz 
porphyry and rhyolite are also classified as igneous 
rocks, and obsidian has the same bulk chemistry as 
these rocks. 

Obsidian is usually a dark colour - often black or 
brown - and breaks with a conchoidal (shell-like) 
fracture. When broken its edges are very sharp and 
flint-like. 

WARNING: Pieces of obsidian can be very sharp and 
must always be handled with great care. 
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The cut 


Nowadays, obsidian is sometimes cut and polished or 


kr 


tumbled for use in jewellery. The cabochon and sphere 
cuts are very popular for use in obsidian necklaces. 
When it is faceted, the cutting angles of obsidian are 
the same as those used on glass: the crown is cut at 
between 40? and 50°, while the pavilion is cut at 43°. 
(For a full explanation of gem- 
cutting terms, see Discovery 9 and 
11.) Dark, homogeneously coloured 
obsidian is used for making various 
ornamental objects. 


Crystallites 

Individual specimens of obsidian 

may exhibit a variety of different 
forms. Their colours may be 

uniform and consistent throughout 
(homogeneous), but they may also 

be banded or spotted in appearance. 
Some obsidian has internal bubbles or 
minute crystals called crystallites, clusters of which are 
sometimes likened to snowflakes: snowflake obsidian is 
the rarest and most valuable form of this beautiful rock. 
Distinctive banding is sometimes visible both along the 
surface and inside the obsidian, and this is caused by the 
rapid cooling and solidification of flowing lava. 


Uses 

Obsidian has been used since prehistoric times to 
make utensils and sculptures. Some of the earliest 
specimens discovered by archaeologists formed part of 
objects intended for everyday use, but by the time of 
the ancient Egyptian civilisation, obsidian was being 
incorporated in artefacts cut in the form of beetles 
(scarabs) and in official seals. 

Archaeological excavations have revealed a wide 
range of obsidian artefacts from ancient Afghanistan, 
Iran, Mesopotamia and Syria, while the rock was also 
widely used in several ancient Central American 
civilisations: to the early inhabitants of Yucatan, for 


Obsidian is a volcanic rock that is created when 
molten lava has cooled down too quickly for crystals 
to form. 

Obsidian was one of the first rocks to have been 
used by early Man, and new masses may still be 
formed today during certain types 
of volcanic eruption. 

Obsidian is found all over the 
world, especially in areas of great 
volcanic activity. Among the prime 
locations are: Ecuador; Guatemala; 
Hungary; Iceland; the Lipari Islands 
off Sicily (Italy); Japan; Java 
(Indonesia); Mexico; Peru; and 
Kamchatka (Russia). 

In the USA, there is plentiful 
obsidian in the volcanically 
active Hawaiian Islands, while the 
distinctive, dark nodules of obsidian 
found in Arizona and New Mexico are known as 
‘Apache tears’. Most of the modern obsidian jewellery 
that is on sale today is made of obsidian that came 
originally from North and Central America. 


example, it was a sacred stone which was used to make 
sacrificial knives, and the Aztecs used obsidian powder 
to heal wounds. 


Industrial uses 
‘Today, in addition to its many ornamental uses, 
obsidian is important in industry as a primary material 
for the manufacture of ‘rock wool’. Also known as 
mineral wool, this is a glassy substance consisting of 
very fine fibres that are made by blowing steam or air 
through a molten slag of low-grade obsidian. 

Rock or mineral wool is widely used both as a 
packing material and as an insulator to prevent the 
conduction of heat or sound. 


A Brown obsidian in the 
round, brilliant cut. 
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A Dark brown obsidian 
cut in a cabochon. 
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<4 A Roman goblet made 
of obsidian and inlaid 
with gold (Naples, Italy). 


Lithiophilite 


Lithiophilite crystals are 
large, beautiful - and rare. 
When the mineral occurs 
in large deposits it may be 
used as an industrial source 
of metallic lithium. 


ithiophilite is usually reddish brown or pink in 
colour. It crystallises in the orthorhombic 


system, but crystals are rarely formed. When 
present, they are large and often imperfect with 
rough faces. Lithiophilite is usually found as 
shapeless masses. 
The name lithiophilite comes from the metallic 
element lithium, which it contains, and the Greek 


word philos, meaning ‘friend’ or ‘lover’. It was named 


in 1878 after a specimen was found at Custer 
Mountain Lode, Custer, in South Dakota (USA). 


Uses of lithium 
Lithiophilite is a minor source of lithium. First 
discovered in 1817, lithium is the lightest known 
metal, and is becoming increasingly important in 
modern technology. It is a soft, silvery element, the 
largest concentrations of which are found in 
lepidolite, petalite and spodumene. Because of its 
great resilience, lithium is added to alloys of 
aluminium and magnesium as a strengthener. 
Lithium is also used in batteries, and in chemical 
reactions to remove unwanted oxygen. 

Lithium compounds are used in lubricating 
greases, special glasses and ceramic glazes, as a 


LITHIOPHILITE UR 


Group: Phosphates 

Crystal system: Orthorhombic 
Chemical formula: Li(Mn2+,Fe2+)P0, 
Hardness: 4-5 

Density: 3.34-3.54 

Cleavage: Distinct 


Fracture: Subconchoidal to uneven 


Colour: Brown to pink 


Streak: Colourless, white or grey 


Lustre: Resinous to vitreous 


Fluorescence: None 


Lithiophilite is a member of the phosphate group 

of minerals. It contains phosphorus and oxygen 

together with the metals lithium, manganese 

and iron. 
| Crystals of lithiophilite belong to the 

orthorhombic system of symmetry and, although 
they are rare, those that do occur are sometimes 
over 15cm long. However, the mineral is found more 
commonly as large, reddish brown masses which can 
be split quite easily with a sharp instrument. 

Lithiophilite and its close relative triphylite have 

many physical properties in common: they both split 
| easily along their weakest planes (distinct cleavage) 
| when struck with a hammer and they both score 4 to 
| 5 on the Mohs Scale of hardness. 


flux in welding and in the preparation of plastics and 
synthetic rubber. Lithium salts are used as anti- 
depressants in psychiatric medicine to treat various 
forms of manic psychosis and ‘control mania’. 


Y A massive specimen of lithiophilite from Portugal. 
Note the typically resinous lustre (sheen). 
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Similar mineral 

Lithiophilite forms a chemical series with triphylite: 
they have similar chemical formulae, but whereas 
lithiophilite has more manganese than iron, triphylite 
contains more iron than manganese. Triphylite is 
usually bluish grey or green, and while that may 
distinguish it from the reddish brown lithiophilite, 
colour is inconclusive because impurities may affect 
the appearance. 

Crystals of lithiophilite are rare and tend to be large 
and often misshapen. Triphylite can appear as gigantic 
crystals: one specimen extracted from the Palermo 
Mine in New Hampshire, USA, 
had a volume of 5.5 cubic metres 
and tipped the weighbridge 
scales at an amazing 
19,511 tonnes. 


iophilite is a primary mineral that occurs 
in granite pegmatites, rocks created by igneous 


activity. 


Most of the finest specimens of lithiophilite have 
been found in the USA, notably at the following 
locations: Pala in San Diego County, California; 


Branchville in Connecticut; Kings Mountains in North 
Carolina; Portland in Oregon; and in the Black Hills of 


South Dakota. 


In other parts of the world, deposits of lithiophilite 
are widely scattered. Among the main locations where 


lithiophilite is found are Argentina; at Sukula near 


Tammela (Finland); in Haute-ViennesFrance); in Bavaria 
(Germany); at Piona on Lake Como (Italy); at Mangualde 


and Bendada (Portugal); in Namaqualand (South 


a 


< A specimen of lithiophilite 
from Portugal. 


Africa); and in the Boliden region of Sweden: 


A Lithiophilite 
partially covered 
with a very thin 
coating of greyish 
blue phosphate 
minerals. 


4 The bluish shading 
visible on this 


lithiophilite is vivianite. 


miths 


Smithsonite is one of the main 
industrial sources of zinc, and 
the finest specimens are used 
as an ornamental stone. 


Ithough it is commonly a white mineral, 
nec may also be coloured blue, brown, 

apple green, bluish green, grey, deep pink, 
purple, light yellow or deep yellow. The mineral had 
been known for hundreds of years as calamine, but it 
was given its present name in the mid-19th century as 
a tribute to James Smithson (1754—1829), the British 
mineralogist who is best known as the founder of the 
Smithsonian Institute in Washington, DC, USA. 

A son of the English Duke of Northumberland, 
James Macie Smithson was very rich and devoted his 
life to the study of chemistry and mineralogy. He 
analysed the ores of zinc and it is therefore fitting 
that a zinc carbonate should have been named after 
him when he died. Smithson has an even greater 
monument, however, in the group of museums 


A This grape-shaped (botryoidal) mass of smithsonite 
was found near Bergamo, Italy, 


<A similarly shaped specimen from Namibia. The green 
coloration of this specimen is due to the presence of 
small quantities of copper. 


. Smithsonite is a member of the carbonate 
group of minerals. It is a carbonate of the metallic 
| element zinc. 

Crystals of smithsonite belong to the complex 
trigonal system of symmetry. They are rare, but those 
that do form commonly look like six-sided prisms 
(rhombohedrons), often with rough, curved faces. 
The mineral usually forms in grape-like or kidney- 
shaped masses, and may appear as stalactites or 
encrustations on a rock or another mineral. 
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‘Ss in the USA which he founded and colours, including pink, green and 
o which bear his name. white. Fine colourless crystals are 
e This came about when SMITHSONITE found at the Kabwe Mine in 
‘os Smithson, who had been angered Group: Carbonates Zambia. Smithsonite occurs in 
E when the Royal Society in London Crystal system: Trigonal many parts of the USA, such as 
m rejected one of his learned papers in Chemical formula: ZnCO; New Mexico, Arkansas, South 
us 1826, changed his will and left Hardness: 4-4/4 Dakota, Arizona, Colorado, 

+ £105,000 to found an institution in Density: 4.34.45 Montana and Utah. In Europe it is 

S Washington ‘for the increase and Cleavage: Perfect found in Greece, Italy, Germany, 

O diffusion of knowledge among men'. | Fracture: Conchoidal to uneven France, Spain and elsewhere. 

c Fittingly, the Smithsonian Colour: Colourless, sometimes coloured 

FN Institute today houses — among Streak: White Substitution 
many other foundations — the US Lustre: Vitreous to pearly In its pure form, smithsonite is 
National Museum of Natural Fluorescence: None made up of 65 per cent zinc oxide 
History, which contains one of the and 35 per cent carbon dioxide. 
world’s finest collections of minerals — However, smithsonite is seldom 


and gemstones. 


TuS 
Uses of zinc pe 


After sphalerite, smithsonite is the 
most important ore of zinc. ^ 


pure, and the zinc in the mineral 
has usually been substituted to at 
least some degree by other metals, 
mainly iron, cobalt and manganese. 
Smithsonite may appear in a 
wide range of colours, and these are 
caused by the presence of small 
quantities of cobalt, cadmium, 
copper and manganese within the 
crystals. Cobalt and/or manganese 


Zinc is a white metallic element 
that becomes coated with a 
corrosion-resistant layer when it is s 
exposed to moist air. It is used with 
other metals in several alloys, 
especially brass and nickel silver, and are responsible for any pink 
also plays important roles in die coloration, cadmium causes a 
casts and the electrodes of batteries. A Smithsonite from Namibia. bright yellow colour, while copper 9 

causes green or blue. 


i. a. 


Ornamental stone Y Green smithsonite from France. 

Smithsonite can be decorative as well A lookalike 

as useful. The translucent, green variety of the mineral ^ Smithsonite often resembles hemimorphite, and 

is used as an ornamental stone. Less commonly, detailed chemical analysis may be needed to tell the 

smithsonite may be shaped into cabochons or beads two minerals apart. 

and used in jewellery. Smithsonite is soluble in hydrochloric acid, and 
Some of the most beautiful smithsonite crystals dissolves with an effervescent fizz. It is slightly softer 

come from Tsumeb, Namibia. These are of various than hemimorphite but more dense. 


ORIGINS and DISTRIBUTION (455 


Smithsonite forms as the result of a chemical 
alteration that has taken place to pre-existent 
minerals. It is therefore known as a secondary mineral. 

Most smithsonite occurs in parts of copper and 
zinc deposits that have reacted chemically with 
oxygen from the air and from water. Smithsonite is 
generally found in association with azurite, cerussite, 
galena, hemimorphite, malachite, pyromorphite and 
sphalerite. It may also sometimes occur as a 
replacement of limestone. 

Colourless crystals of smithsonite are found at the 
Kabwe Mine in Zambia, and variously coloured crystals 
in Namibia. Yellow-banded crusts of smithsonite occur 
at Laurion in Greece. There are many smithsonite 
deposits in the USA, notably at Yellville, Marion 
County, Arkansas; the Tin Mountain Mine, South 
Dakota; and at Kelly in Socorro County, New Mexico. 


Tetrahedrite is found in 
many parts of the world 
and the largest deposits 
are a minor industrial 
source of copper. 


etrahedrite is a very shiny mineral that is grey 

to black in colour. Its name is derived from the 

distinctive shape of its crystals which often 
have four three-sided faces with equal sides: the 
geometric term for such shapes is ‘regular 
tetrahedrons’. 


Mineral series 

Tetrahedrite is a clearly defined mineral: pure 
specimens are made up of copper, antimony and 
sulphur. However, tetrahedrite may also sometimes 
contain varying quantities of arsenic, and by degrees 
this may replace the antimony in part or in whole. 


When the arsenic completely replaces the antimony 4 A fine set of black tetrahedrite crystals showing 
in the chemical composition, the mineral becomes clearly the mineral's strong metallic lustre (sheen). 
tennantite. The golden mineral seen with it here is pyrite. 

Most minerals are clearly different from one 
another, usually in appearance and certainly in plagioclase series, which includes albite and various 
chemical composition. When gradual progressions like ^ other feldspars. 
this occur, the minerals involved are said to form a In between the two extremes of the so-called 
‘series. Probably the best known of these is the 'tetrahedrite-tennantite series', geologists have 


FACT FILE 
TETRAHEDRITE 


Group: Sulpho-salts 

Crystal system: Cubic 

Chemical formula: Cu;;Sb;S;; 
Hardness: 3-47 

Density: 4.6-5.1 

Cleavage: None 

Fracture: Uneven to subconchoidal 
Colour: Grey to black 

Streak: Dark grey or brown to black 
Lustre: Metallic 

Fluorescence: None 


4 Tetrahedrite is often found 
with a wide variety of other 
minerals. Here it is seen in 
association with calcite 
(calcium carbonate). 


Commonplace mineral  ) 


Aube 


Tetrahedrite is a member of the sulpho-salt group of 
minerals. It is a sulpho-salt of the elements copper 
and antimony. 

Although crystals of tetrahedrite are pyramidal, 
they in fact belong to the cubic system of symmetry. 
Crystals of tetrahedrite are commonly found 
growing out from one another in a process known 
as twinning. 

Tetrahedrite is a fairly soft mineral, scoring 3-47 on 
the Mohs Scale of hardness: specimens can be 
scratched easily with a knife. 


When it is hit with a sharp instrument, tetrahedrite 


will not break up along its weakest structural lines (it 


_ shows no cleavage). The mineral does fracture, 
_ however, and when it does so it sometimes produces 
_ patterns similar to those on the outside of a seashell. 


Tetrahedrite is a heavy mineral, weighing up to five — 


times more than the equivalent volume of water. 
One of the most striking visual characteristics of 


tetrahedrite is its metallic lustre (sheen). Yet, despite 


its distinctive appearance, tetrahedrite can still be 
difficult to distinguish from tennantite. Indeed, the 
difference between the two minerals depends on the 
amounts of arsenic and antimony that are present: 
tetrahedrite contains antimony but not arsenic, 
whereas tennantite has arsenic but not antimony. 
Tetrahedrite is heavier than tennantite, with a 


| density of 4.6 to 5.1. 


identified a number of other minerals. These, too, are 
all basically sulpho-salts of copper, but each of them 
must contain less antimony than tetrahedrite and less 
arsenic than tennantite. 


Small steps 

Because the steps between tetrahedrite and tennantite 
are so small, it is often difficult to tell the two apart. 
The one true test, of course, is to determine the 

exact amount of arsenic and antimony present in 

any specimen; however, another clue lies in the 

fact that tetrahedrite has a slightly higher density 


than tennantite. 


Y A The photographs on this page show fine specimens 
of tetrahedrite. Their identity has been determined by 
detailed scientific analysis: tetrahedrite and tennantite 
often look virtually identical and cannot be told apart 
by appearance alone. 


ORIGINS and 
DISTRIBUTION 


Tetrahedrite is usually found within 
hydrothermal veins. Although these 
veins are all formed by the action of 
hot water, the exact temperature 
may vary enormously, and 
tetrahedrite is the product of one 
of the cooler forms of hydrothermal 
activity. 

Among the main minerals with 
which tetrahedrite is associated 
are bornite, calcite, galena and 
sphalerite. When it is found in large 
quantities with chalcopyrite, both 
minerals may be mined commercially 
for their coppercontent. - 

The principal deposits of 
tetrahedrite are found at Oruro 
(Bolivia); St Andreasberg in the 
Harz Mountains (Germany); Cavnic 
(Romania); and Bingham, Utah (USA). 
In the British Isles, fine specimens 
of tetrahedrite are found at Liskeard 
in Cornwall. 


DISCOVERY uy 


Triclinic crystals 


Triclinic crystals are the hardest crystals to define because they have less symmetry 
than the crystals of any other system. No crystal axis is the same length as any 
other, and none of the faces is at right angles to any of the others. Consequently, 
triclinic crystals are very diverse in appearance. 

Many are platy - axinite and kyanite are two prime examples - but platiness 
alone is not enough to prove that the crystals under examination are triclinic. This 
can often be determined only by detailed X-ray analysis. 


riclinic crystals are fairly uncommon, and 

although the system has very little symmetry, 

opposite faces of the crystals are often equal 
in size. 


Pinacoids 

Some triclinic crystal faces are pinacoidal in form. 

A pinacoid is a pair of parallel faces which comprise 
what is known as an 'open form' - that is, one which 
makes up part of a solid but cannot itself make a 
complete crystal shape. Any pinacoid must always 
be complemented with other faces to form a 
complete solid. 

There are many triclinic pinacoidal crystals. One of 
the best known is albite, a type of feldspar which is 
found in many parts of the world, especially in Brazil, 
Canada, Pakistan and California, USA. 


Plagioclase feldspar group 
The triclinic crystal system is quite difficult to define. 
For that reason, it is probably more useful to give 
examples than to try and 

define the system. Ae 


`a ; A Crystals of albite, a member of 
the triclinic system. 


Among the most common 
minerals that crystallise in the 
triclinic system are members 
of the plagioclase feldspar 
group. These well-known 
minerals occur primarily in 

many igneous and metamorphic 
rocks; they are essential 
"y components of certain igneous rocks. 

Though they do occur in acidic rocks such 

as granite, they are far more common in rocks 


A Axinite with typical brownish coloration. with basic chemistry, such as gabbro and basalt. 
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inic crystals 


Tricl 


The plagioclase 
feldspars form a series 
of minerals which 
varies in its chemistry. 
Essentially they are 
aluminium silicates, 
also containing calcium 
and sodium. At one 
end of the series is 
anorthite, which 7) 
contains calcium and 
no sodium; at the other 
end is albite which is 
rich in sodium and 
lacks calcium. | 


The calcium | 
plagioclase anorthite 
crystallises at a higher > A diagram 
temperature than showing a typical 
albite. During triclinic crystal 
crystallisation, as the shape. 


temperature falls, so 

different plagioclase 

feldspars are formed 

with varying amounts of calcium and sodium. 
Labradorite, for example, is a plagioclase feldspar 

that contains both calcium and sodium. At the lowest 
temperatures albite crystallises. 


Other triclinic minerals 

Rhodonite is a good example of a triclinic mineral, 
and fine specimens have been found in Australia, Peru 
and Sweden. Among the rarer triclinic minerals is 
amblygonite, which can be a wide range of colours, 


4 Triclinic crystals of 
albite from the 
Bolzano region of 
Italy. 


Among the better 
known minerals 
with a triclinic 
structure are: 


albite 
amblygonite 
anapaite 
andesine 
anorthite 
anorthoclase 
astrophyllite 
<A diagram showing axinite 

the basic axes through babingtonite 
which a triclinic crystal bytownite 
must be revolved to chalcanthite 
show its symmetry. chloritoid 
copiapite 
kaolinite 
kyanite 
labradorite 
lauerite 
microcline 
paradamite 
pectolite 
polyhalite 
pyroxmangite 
rhodonite 
tarbuttite 
turquoise 
ulexite 
wollastonite 


including blue, green, pink, white and 
yellow. Most amblygonite specimens come from Brazil, 
but they also occur in Namibia and the USA. 

The main arsenate with a triclinic crystal structure 
is paradamite. This yellow mineral occurs in 
association with adamite and mimetite on limonite, 
and the main deposits are found in Durango, Mexico. 
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Many minerals make a significant contribution to the economy of the countries in 
which they are found. The extent of this contribution depends on several variables. 
Among the factors that affect the revenue derived from minerals are their 
international market value, the quantity that is exported and the cost of extracting 
them from the ground. Mineral-rich nations are not always rich nations, 
and this is often because the minerals, though plentiful in the ground, cannot be 
extracted at a reasonable cost. 


ome countries sell enormous quantities of their Verde, the tiny, impoverished group of islands off the 
mineral resources all over the world every year: west coast of Africa whose economic mainstays are 
these are the major exporting nations. But there bananas and coffee. These two salt-producing 
are many other countries — mainly poor, often in the operations could hardly be more different in revenue 
developing world — whose mineral exports, though and scale, but they are of comparable significance to the 
quite small in volume and hardly worth considering respective national economies. (Among the other major 
alongside those of, say, Brazil or the USA, still form a halite producers are Argentina, Bolivia and Japan.) 


crucially important part of the 
nations economy. An opencast copper mine 

at Morenci, Arizona, USA. The 
coloured areas are due to the 
presence of green malachite, 


blue azurite and red cuprite. 


A good illustration of this point is 
provided by halite, from which we 
get table salt. Russia has enormous 
deposits of this mineral, and it is 
one of the country's biggest 
exports. But table salt is also one 
of the main exports of Cape 


Rare crystals of native copper 
(with marble) from Russia, the 
world's third largest producer. 


Mineral-producing nations 


Copper is extracted from cuprite and various other 
mineral ores, including azurite and chalcopyrite. It is 
very valuable because of its importance as a conductor 
of electricity, and some of the leading copper- 
producing nations are also some of the world's great 
economic powers. This is not entirely coincidental. 
One of the exceptions to this rule is Chile, which, 
despite being the world's leading copper producer, 
cannot reach profitable export markets as efficiently as 
the USA and Canada. Even Australia, which is only the 
world's ninth largest producer with an annual output 
of about a quarter of a million tonnes, makes a greater 
profit from its copper than Chile makes from the 1.4 
million tonnes that are mined in Chile every year. But 
copper — albeit in much smaller quantities — is also a 
major resource in Albania, Burkina Faso and Ethiopia, 
countries whose economy is principally based on 
farming and where every foreign dollar earned is 
enormously important to the national budget. 


Uranium, which is mainly extracted from uraninite, is 
valuable in the nuclear power and weapons industries. 


Annual world output 
approximately 6.8 million 
tonnes. Among the 
leading producers are: 


Total annual output 
approximately 8.4 million 
tonnes. Among the 
leading producers are: 
Chile 17 per cent 
USA 14 per cent 
Canada 8 per cent 
Zambia 6 per cent 
Zaire 6 per cent 
Poland 5 per cent 


Canada 17 per cent 
Russia 14 per cent 
Australia 10 per cent 
Peru 9 per cent 
Mexico 4 per cent 
North Korea 3 per cent 


An industrial salt mine in 
the USA. Salt is mined in 
many countries, including 
China, Germany, Italy and 
Russia. Britain's main 
deposits are found around 
Northwich in Cheshire. 


Canada, the world's 
largest producer, earns a 
great deal of money from 
the 12,500 tonnes of 
uranium it extracts every 
year. But fresh deposits 
are still discovered from 
time to time in countries 
where it was previously 
unknown: uranium 

has been found 
comparatively recently in 
Afghanistan, Gabon and 
Niger. If uranium is found in sufficiently large 
quantities and can be extracted cheaply enough, it may 
prove to be an important benefit to the ailing 
economies of these developing nations. 


Geologists are advancing our knowledge of minerals 
all the time: new minerals are discovered every year, 
together with major new deposits of known minerals. 
These minerals can yield important metals such as 
zinc, aluminium, antimony, chromium, gold, iron, 
lead, nickel, titanium and many more. Sometimes 
these discoveries can be mined almost at once, but at 
other times the minerals have to remain underground 
— at least for the present — because there is no cost- 
effective method of refining them. Ethiopia for 
example has significant but unexploited reserves of 
gold, platinum, copper and potash. 

Many mines which have been in operation for 
hundreds of years are now worked for minerals other 
than the ones for which they were originally excavated. 
'The Potosi mine in Bolivia was once world famous for 
its silver, but it is now worked mainly for cassiterite, 
the principal mineral ore of tin. 


Total annual output 
approximately 181,000 
tonnes. Among the 
leading producers are: 
Malaysia 16 per cent 
Brazil 14 per cent 
Indonesia 13 per cent 
China 12 per cent 
Thailand 9 per cent 
Russia 8 per cent 


Total annual output 
approximately 37,000 
tonnes. Among the 
leading producers are: 
Canada 34 per cent 
USA 13 per cent 
South Africa 11 per cent 
Australia 10 per cent 
Namibia 9 per cent 
France 9 per cent 
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On the mineral 
trail: Germany 
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fter 45 years as independent states, the German 

Federal and Democratic Republics (East and 

West Germany) were reunited in 1990 and 
together they now form one of the modern world’s 
most powerful economies. 

Among the main areas in which minerals are found 
in large quantities are the Harz Mountains (salt and 
potash), the Mansfeld area (copper ores) and the Ore 
Mountains (uranium). The other main minerals mined 
in Germany are quartz and iron ore. 


Natural resources 

Germany also has large deposits of bituminous coal, 
most of which are found in the Ruhr coal field as well 
as in the smaller Saar, Aachen and Ibbenbiiren fields. 
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Germany occupies an 
area of 356,733 sq km in 
central Europe. It is larger 
than Italy and the United 
Kingdom but smaller 
than France. Germany's 
prosperity is due both to 
the country's extensive 
mineral and natural 
resources, and to the 
efficiency with which 
these reserves have 
been harnessed for 

use in industry. 


^ 


Brown coal (lignite) is mined in 
fields west of Cologne, east of 
Halle, south and west of Leipzig, 
and in Lower Lusatia in 
Brandenburg. 

Germany produces only small amounts of natural 
gas and petroleum: more than two thirds of its 
electricity comes from thermal power plants, and more 
than one quarter is generated in nuclear power 
stations. 


75 miles 


Lignite 

Even though it comes only third after oil and 
bituminous coal as a domestic source of energy, brown 
coal (lignite) is enormously important to the German 
economy as a whole. Lignite is a low-grade and 
waterlogged fuel which can be worked economically in 
large open pits. One of the main lignite sources is the 
pit at Hambach in the Rhenish coal field. Here the 


main productive seam is between 25 and 70m thick. 


A An industrial machine hall at the Zollern II/IV colliery 
near Dortmund. 


About 84 per cent of the coal produced at Hambach 

is fed directly to electric power generating stations 

situated on the coal field itself. The remaining coal 

is pressed into briquettes for domestic heating. 
Similarly, in the two main coal fields of eastern 

Germany, at Halle-Leipzig and Lower Lusatia, brown 

coal is mainly used for the generation of electricity. 

However, before the reunification of Germany in 1990, 

brown coal was very important in the chemical industry 

as well as an important means of producing gas. 


The Harz Mountains 
The Harz Mountain range in the north is rich is coal 
and minerals. Mining has been carried on there since 
the middle of the 10th century and more than 30 
towns and villages owe their existence to mining and 
smelting. Coal mining in the area has been in long 
term decline, but several minerals have also been 
extracted from the region. Among these are gold, lead, 
copper, iron, sulphur and alum. Marble, granite and 
gypsum are also worked throughout the area. 
Pyragyrite, which is a sulpho-salt mineral, is a minor 
source of silver and is sometimes called ruby silver 
because of its deep red colour. It also occurs in the 
Freiberg area of Germany. Bournonite is another 
widespread mineral in the Harz region. This sulpho-salt 
occurs as heavy, dark crystal aggregates and masses with 
a metallic lustre. It is a minor ore of lead, copper and 
antimony. 


Salt mines 

Germany deposits of salt are seemingly inexhaustible. 
Rock salt is found in all parts of central, southwest and 
northern Germany and total deposits have been 
roughly estimated at about 10 billion tonnes. Potash 
salts, which were formerly dug up and thrown away as 
waste in the course of getting rock salt, are now known 
to be the more valuable of the two materials. 

Salt and potash are mined on the periphery of the 
Harz Mountains. Around Stassfurt there are plentiful 
deposits of a sulphate mineral called polyhalite. Its 
name comes from the Greek meaning ‘many salts’ and 
reflects its chemical composition, namely hydrated 
sulphates of potassium, calcium and magnesium. 
Polyhalite makes up 7 per cent of the rock in the salt 
deposits at Stassfurt. 

Germany's broad range of mineral resources has 
greatly assisted the development of an extensive 


manufacturing industry, 
which includes cars and 
electrical equipment. 
Heavy industries have 
grown up alongside coal 
and iron ore fields around 


the River Ruhr. 


Chemical industry 
The salt deposits have 
been the foundation of 
Germany's chemical 
industry, much of which is 
sited between Magdeberg 
and Merseberg. Stassfurt 
has more chemical 
factories than any other 
city in the world. 


4 Chalks cliffs along the 
Baltic coast near Jasmund 
on Rügen Island. 
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GEMSTONES 


patite 


The best apatite 
is faceted, 
while inferior 
specimens are 
used in industry. 


patite is usually green, 
but may also be dark 
blue, brown, grey, 


purple, reddish, white, yellow 
or altogether colourless. It 
occurs widely in the Earth, and 
is also the main component of 
the enamel in human teeth. 
The problem with apatite is 
that it is easily confused with other 
minerals and gemstones, and it is from 
this quality that it gets its name: apatite comes from 
the Greek word apate, meaning ‘deceit’. Apatite that 
is less than gem-quality is one of the major sources 
of phosphorus. 

Apatite is seldom used for jewellery because it 
is extremely soft for a gemstone and would not 
withstand the wear and tear of normal daily use. 
However, careful cutting brings out very bright and 
strong colours, so the gem is often cut for mineral 
collectors. Apatite is usually faceted, with both the 
crown and the pavilion surfaces cut at angles of 40°. 
The step cut is also used, as are the round and oval 
cuts, although these are less common. 

Fibrous blue apatites from Myanmar (Burma) 
and Sri Lanka are sometimes cut in cabochons to 


APATITE 


Group: Phosphates 


Crystal system: Hexagonal 
Chemical formula: Ca;(PO,)3(F,Cl,OH) 


Hardness: 5 
Density: 3.2 
Cleavage: Indistinct 


Fracture: Conchoidal to uneven 
Colour: Colourless, green, blue, grey, brown, reddish, yellow, white 


Streak: White 


Lustre: Vitreous 
Fluorescence: Yellow 


A Yellowish green crystals of apatite from Panasqueira, Portugal 


CHARACTERISTICS 


Apatite is a member of the phosphate group of 
minerals and gemstones. It is a phosphate of calcium 
which also contains atoms of chlorine, fluorine, 
hydrogen and oxygen. 

Crystals of apatite are common and usually appear 
in prismatic or table-top shapes. Despite their looks, 
however, all apatite crystals belong to the hexagonal 
system of symmetry. When it does not take the form 
of crystals, apatite is commonly found in great lumps 
(massive formations) or in tiny grains. 

Despite the fact that apatite appears in a wide 
range of colours, when a rough specimen is rubbed 
along a piece of white, unglazed porcelain, it reveals 
a white streak. This means that, no matter what its 
external colour, every specimen of apatite would be 
white if it were reduced to a powder. 

Apatite has a specific gravity (SG) of 3.2: this means 
that any specimen of the gemstone weighs three and 
one fifth times more than the equivalent volume of 
ordinary water at room temperature. 

The colour of apatite may fade if it is left in strong 
sunlight. The blue variety of the gemstone contains 
impurities which may result in it showing different 
colours according to the direction of the light 
source and the angle from which it is viewed. This 
phenomenon is known as pleochroism. 

Apatite may show a yellow fluorescence when 
viewed under ultraviolet light. 


GEMSTONES | 


reveal a striking cat’s-eye effect. (For a full explanation 
of gem-cutting techniques, see Discovery 9 and 11.) 

In addition to being greatly in demand as a 
collectors gemstone, apatite is widely used in various 
industries: it is one of the main sources of elemental 
phosphorus, and is used in the manufacture of 
phosphates and agricultural fertilisers. 


Uses of phosphorus 

Phosphorus is extracted by heating apatite with carbon 
(coke) and silicon oxide in an electric furnace at a 
temperature of 1500°C. The element is used in alloys, 
matches and pesticides, but its importance is even 
greater and wider-ranging than that. 

This is because phosphorus is an essential element 
for all living organisms. It is an important constituent 
of body tissue (especially bones and teeth) and of cells. 
It is needed for various metabolic reactions and the 
formation of energy-carrying molecules such as 
adenosine triphosphate. Commonly known as ATP, 
this compound facilitates muscle contraction and 
many other physical functions. 

Although pure phosphorus is highly 
poisonous, phosphate fertilisers — 
compounds which include 
phosphorus together with various 
other elements — are added to soil or 
water to make them more fertile 
and increase productivity. 


Deceptive gem 

Because apatite can take on a 
wide range of shapes and colours, 
it has often been mistaken for 
other minerals and gemstones, 
particularly beryl, olivine, quartz 
and tourmaline. In all these cases, 


Apatite occurs in many different rock formations. 
Some specimens are found in rocks that have been 
altered from their original composition by the action 
of heat and pressure (metamorphic rocks); other 
specimens occur in rocks that have been formed from 
compacted layers of silt (sedimentary rocks). 

Some of the finest apatite is found in Ontario 
and Quebec (Canada); in Durango (Mexico); and in 
Andalucia (Spain). 


however, the key test is hardness — apatite is softer than 
nearly all the materials it resembles. 


Famous gems 
One of the largest apatite gemstones was found 
in Kenya: it is green and weighs over 700 carats. 
(One carat is equivalent to 0.2g.) The Smithsonian 
Institution in Washington DC, USA, has a specimen 
of the rare, violet form of apatite which 
weighs 500 carats. 


Tests and treatment 
Apatite is soluble in hydrochloric acid. 
It should be cleaned only with distilled 
water. A knife should never be used to 
remove surface impurities because it 
may scratch the surface of the gemstone. 


<A prismatic crystal of 
apatite showing a typical 
pyramid shape at one end. 


» A green apatite gemstone 
from Madagascar. 


Y A yellow apatite 
gemstone that has been 
cut into a rectangular 
step cut with bevelled 
edges. It weighs 3.5 carats 
and comes from Mexico. 


4 Apatite crystals on a 
rock base (matrix) from 
Durango, Mexico. 
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Argentite is the most important 

ore of silver and is therefore 

widely mined for use in industry. 

It is chemically the same as 
acanthite, but the two minerals belong to 
different crystal systems. 


rgentite may be blackish in 

colour, but is more commonly 

grey. The name is derived from 
its main chemical component — 
argentum, the Latin word for silver. 


Y A cubic crystal 
of argentite 

on a calcite 
matrix (base). 


A Twinned cubic crystals of 
argentite (Cagliari, Sardinia, Italy). 


Argentite is sometimes 
known as ‘silver glance’. 
Argentite is the name 
given to the variety of silver 
sulphide that has formed at 
temperatures greater than 
180°C, Argentite crystals 


belong to the cubic system of 


symmetry and have three 
crystallographic axes that are 
the same length and intersect 
at right angles. 

Silver sulphide which 
has crystallised at lower 
temperatures belongs to 
the monoclinic system of 
symmetry. This lower 
temperature mineral has the 
same chemistry as argentite, 
but is a separate mineral, 
acanthite. 


Uses of silver 
Silver was one of the first 


metals to be used by humans. 


It has been used to make 
jewellery since at least 4000 
BC and silver coins were in 
circulation in the Middle 
East from about 800 Bc. 
Because silver does not 
corrode and is an excellent 
conductor of heat and 
electricity it has a wide range 
of applications. It is used 
today in antiseptics, coins, 


Argentite is a member of the sulphide group of minerals. Each molecule is made 
up of two atoms of silver combined with one atom of sulphur. 

Crystals of argentite belong to the cubic crystal system, and although they 
sometimes resemble dice, they can also form a variety of other shapes. Argentite 
may occur as dendritic shapes, as elongated twisted forms or as shapeless 
aggregates. 

Argentite is a very soft mineral. It has a hardness of 2 to 24 and can be 
scratched with a specimen of calcite (which scores 3 on the Mohs Scale of 
hardness). Argentite is a sectile mineral - this means that it can be cut with a 
knife. It can also be bent and shaped by hand. Argentite has a high density - at 
just over 7, it is nearly as dense as galena (lead sulphide) and over twice the 
average density of the rocks that make up the Earth's crust. 

When it is broken, argentite shows only very indistinct cleavage. This helps to 
distinguish it from galena, a similar grey, cubic mineral, as galena has excellent 
cubic cleavage. Argentite has a conchoidal fracture. 


A Opaque, 12-sided (dodecahedral crystals of 
argentite. The thread-like mineral seen here is 
native silver (Sardinia, Italy). 
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Argentite forms in hydrothermal mineral veins, where 
hot fluids from deep in the Earth's crust deposit 
minerals as they cool. These veins commonly contain 
a wide variety of minerals, and argentite is often 
associated with other sulphides, including galena 
and sphalerite, and with native silver. 

The world's main deposits of argentite are found in 
the following locations: Jachymov (Czech Republic); 
Andreasberg, Freiberg and the Harz Mountains 
(Germany); Honduras; Chile; Bolivia; Sardinia; Norway; 
and British Columbia and Ontario (Canada). 

In Mexico superb crystals and a major ore have 
been found in the silver districts of Guanajuato and 
Zacatecas. 

In the USA, argentite is found in California; in 
association with copper ores at Butte, Montana; and 
in the silver mines of Colorado and Nevada. There are 
significant deposits in the British Isles, particularly 
around Liskeard in Cornwall. 


electrolytic plating of tableware, many forms of 
jewellery, mirrors and a wide range of utensils. 

Silver compounds — especially halides — have been 
used extensively in photographic processing because 
of their sensitivity to light, and silver alloys are used 
in dentistry and to make electrical contacts. Sterling 
silver — the alloy used in coins and some ornamental 
ware — is a combination of 92.5 per cent silver and 
7.5 per cent copper. 


Treatment 

Before a specimen of argentite is 
placed in a mineral collection, 
cleaning can be carried out with 
distilled water if necessary. 


4 Crystals and irregular masses 
of argentite. The associated 
mineral is calcite. 
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ARGENTITE 


Group: Sulphides 
Crystal system: Cubic 
Chemical formula: Ag;S 
Hardness: 2-27 
Density: 7.20-7.34 
Cleavage: Indistinct 


Fracture: Subconchoidal 
Colour: Grey to blackish 
Streak: Grey to blackish 
Lustre: Metallic 


Fluorescence: None 
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Y Beautiful radiating 
crystals of natrolite 


from the Poona 
District of India. 


Natrolite is one of the most 
widely occurring zeolite 
23 minerals. Its beautiful 
== radiating clusters 
of crystals can be found in 
many parts of the world. 


atrolite is one of the 

most common and 

spectacular zeolite 
minerals. It is usually white, grey, 
yellow or colourless, but may 
sometimes take on a pinkish hue. 
Its name — which comes from 
natrium (the Latin word for 
sodium) — was devised in 1803 
by Heinrich Martin Klaproth 
(1743-1817), a German chemist who is most 
famous for having discovered the metallic elements 
cerium and uranium. In 1789, Klaproth became the 
first scientist to identify zirconium, which was 
subsequently isolated by Swedish Baron Jóns Jakob 
Berzelius in 1824. 

Some natrolite specimens are extremely beautiful. 
They are fairly common, too, and make splendid 
additions to any mineral collection. The radiating, 
needle-shaped crystals are very delicate and can be 
carefully cleaned if absolutely necessary using 


> Pinkish crystals of natrolite measuring up to 15mm, 
from northern Italy. 
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NATROLITE 


Group: Silicates 

Crystal system: Orthorhombic 

Chemical formula: Na;Al;Si;0;,.2H;0 

Hardness: 5-5% 

Density: 2.20-2.26 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Colourless, white, grey, yellowish, reddish 
Streak: White 

Lustre: Vitreous 


Fluorescence: Sometimes orange 


Commonplace mineral 
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A Prismatic crystals of natrolite on apophyllite 
from Vicenza, Italy. 


distilled water applied with a small paintbrush. 
Naturally, no mineralogist would want to damage fine 


crystals of natrolite in any way, so non-crystalline 
specimens are generally used for all tests and 
experiments. 


A silicate mineral 

Natrolite is a silicate mineral. It contains the elements 

sodium, aluminium, silicon and oxygen and, like other 
zeolites, has attached molecules of water. These can be 


ORIGINS and DISTRIBUTION é 


Natrolite occurs in cavities within basalts. It may also 
be formed through the alteration of nepheline, 
sodalite or, occasionally, of plagioclase feldspars. 

Natrolite may closely resemble mesolite or 
scolecite, and accurate identification can be difficult 
without detailed scientific testing. 

Fine crystals of natrolite are found at Mount St 
Hilaire, Canada, and crystals up to one metre long and 
10cm across have been discovered at an asbestos 
mine in Quebec. Other specimens have been found in 
many localities in the Bay of Fundy district in Nova 
Scotia. Other locations where natrolite is found 
include Puy-de-Dóme (France); Mumbai (formerly 
Bombay) and Poona (India); Vicenza (Italy); Greenland; 
Iceland; Faroe Islands; Norway; Germany; and the 
Czech Republic. In the USA natrolite occurs in Lane 
County and Jackson County, Oregon; Cowlitz and 
Thurston Counties, Washington; in Montana and 
Jefferson County, Colorado; New Jersey; Pennsylvania; 
and San Benito County, California. In the British Isles, 
natrolite occurs in Strathclyde (Scotland) and County 
Antrim (Northern Ireland). 


released by heating, but when the heat is removed, 
water molecules are re-attached. This process is called 
reversible dehydration. 

Natrolite is a relatively hard mineral, with a score of 
5-5% on the Mohs Scale — about the same as that of a 
penknife blade. It can be scratched easily by quartz, 
but not with a coin. Its density is just greater than 2, 
which is lower than the average for rocks and minerals 
in the Earth’s crust. When broken, natrolite shows 
perfect cleavage and an uneven fracture. 


CHARACTERISTICS 


Natrolite is a member of the silicate group 
of minerals and contains the elements 
aluminium, sodium, silicon and oxygen. In 
addition, the mineral has two attached 
molecules of water of crystallisation. 

Crystals of natrolite commonly appear 
in needle-shaped (acicular) forms. 
Natrolite also occurs as short prismatic 
crystals which are usually radiating and 
acicular. It can be massive, granular 
or compact. 

The basic symmetry of natrolite crystals 
belongs to the orthorhombic system. 
They often have distinct grooves 
(striations) running vertically along their 
faces. Twinning, where two or more 
crystals share a common surface, is rare. 


4 Natrolite crystals in a basalt cavity. 


Humite is the name of both a 
mineral and a mineral group. 


The members of the group are 


so alike that it is often difficult to 


distinguish between them. 


umite itself may be brown, dark orange, 
white or yellow in colour. It is named after 


Sir Abraham Hume (1748-1838), an English 


mineralogist. 

Humite and its close relatives are neither 
industrially useful nor particularly striking to look at. 
Among the members of the humite group, four are 


more common than the others. These are humite itself, 


norbergite, chondrodite and clinohumite. 

Humite group minerals are silicates of metals, and 
often have a hydroxide radical with fluorine attached 
(ROH). Less well-known humite group minerals 
include leucophoenicite, alleghanyite, sonolite, 
manganhumite and jerrygibbsite. 

All humite group minerals form a series, and 
the individual minerals are chemically related. They 
contain manganese, magnesium or iron as their main 
metal. Some members of the group contain two of 
these. For example, humite has magnesium and iron, 
manganhumite contains manganese and magnesium 
and clinohumite contains magnesium and iron. These 


A Crystals of yellow humite. 


4 Crystals of humite on a matrix (base) of volcanic 
rock from Mount Vesuvius, Italy. 


B. 
Humite is a member of the silicate group of minerals. 
It is a silicate of magnesium and iron. 

Humite crystallises in the orthorhombic system. 
The crystals are usually small and very variable in 
shape. When specimens are broken, they show only 
indistinct cleavage. Humite is a brittle mineral and 
fractures easily, exhibiting an uneven or conchoidal 
fracture. 

With a hardness of 6 on the Mohs Scale, humite can 
easily scratch glass and is not marked by a penknife 
blade. It is slightly denser than average, having a 
density of 3.24. 

Humite has a vitreous (glassy) lustre (sheen) and is 
transparent to translucent. 
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Collector's mineral 


metals can be substituted for each other depending on 
the temperature and pressure of the mineral-forming 
conditions, and so different humite group minerals are 
created with very similar chemistry. Such a series of 
minerals is a common mineralogical phenomenon, 
and many minerals belong to series. 


Chemical make-up 

Norbergite, which was named after Norberg in 
Sweden, contains three atoms of magnesium, one atom 
of silicon and four atoms of oxygen. 

Another member of the group is chondrodite, 
whose name derives from the Greek word for ‘a grain’. 
This mineral has five atoms of magnesium, two atoms 
of silicon and eight atoms of oxygen. Humite itself 
comprises seven atoms of iron, seven atoms of 
magnesium, three atoms of silicon and 12 atoms of 
oxygen. Clinohumite has nine atoms of iron, nine 


ORIGINS and DISTRIBUTION 


Humite typically occurs in rocks which have been 
altered by heat (metamorphic rocks), and especially 
those formed from limestone or dolomite. 

Humite and the other members of the humite 
group are commonly found in association with 
calcite, diopside, garnet, graphite, idocrase, 
phlogopite and spinel. 

Specimens of humite have been found in many 
places all over the world. Among the principal 
deposits are those in the following locations: Pargas 
(Finland); Liguria, Lombardy and Piedmont (Italy); 
Llanos de Juanar, near Malaga (Spain); and Varmland 
(Sweden). 

In the USA, humite has been found at the Tilly 
Foster iron mine in Brewster, New York State. 


atoms of magnesium, four atoms of silicon and 16 
atoms of oxygen. (The clino- prefix indicates that 
the mineral is monoclinic, unlike humite, which is 
orthorhombic. A similar usage occurs with the 
pyroxene group of minerals. These are divided into 
orthopyroxenes and clinopyroxenes, depending on 
whether their crystal system is orthorhombic or 
monoclinic.) 

Thus, although individual specimens of the humite 
group minerals are hard to tell apart with normal tests, 
they are significantly different in chemical make-up. 


Crystal shapes 

There are structural differences between humite group 
minerals, too: norbergite and humite belong to a 
different crystal system from chondrodite and 
clinohumite. The first two are orthorhombic, while 
the last two are monoclinic. 


A 4 Humite on brown biotite. 


4 Crystals of clinohumite. 


HUMITE 


Group: Silicates 


Crystal system: Orthorhombic 

Chemical formula: (Mg,Fe);(SiO,)4F OH); 
Hardness: 6 

Density: 3.24 

Cleavage: Indistinct 


Fracture: Uneven to conchoidal 


Colour: White, yellow, orange, brown 
Streak: White 

Lustre: Vitreous 

Fluorescence: Often red 


The Channel Tunnel is the first land 
connection between Britain and 
mainland Europe since the sea level rose 
about 10,000 years ago at the end of the 
last Ice Age. Its completion in 
1991, after a complex and 
perilous four-year construction 
process, is one of the greatest- 
ever feats of civil engineering. 
The success of this amazing 
project is due in considerable 
measure to the work of the 
geologists who carried out 
exhaustive studies of the 
undersea rock structure to determine the 
best route beneath the English Channel. 


he 38km Channel Tunnel is one of the longest 
undersea rail tunnels in the world and runs 
from Folkestone and Dover in England to 
Sangatte, west of Calais in France. 
After hundreds of years of dreams and planning, 
work on the Channel Tunnel eventually started on 
1 December 1987. British engineers dug in a 


A view of the Channel Tunnel under construction near 
Dover. The tunnel complex starts at Cheriton near 
Folkestone, and the tunnel then heads towards Dover 
before it turns under the English Channel and follows a 
curved route along a line of marl to Sangatte in France. 


One of the tunnel boring machines (TBMs) moving 
through the northern crossover cavern. 


southeasterly direction, while teams of French 
engineers worked northwestwards to meet them. 
The historic first link was made four years later on 

1 December 1991, when the UK and French service 
tunnels were joined together. The tunnel that many 
people said could never be built finally opened for 
passengers in 1994. 
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The Channel Tunnel 
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Longitudinal section of the tunnel showing the surrounding geological formations - note how it remains within the impermeable marl 


Diagrams showing, from the top, the route of the tunnel, a cross section through the tunnel, and a longitudinal 


section showing the geological formations that surround it. 


The most important task facing the geologists and 
engineers who planned the Channel Tunnel was to 
find the best route for drilling. After extensive 
surveying, it was decided to excavate a route that ran 
mainly through a layer of marl — a soft, impermeable, 
calcite-rich clay. 

Marl lends itself to rapid drilling. Indeed, as work 
progressed, the tunnel boring machines (TBMs) often 
excavated over 300m of tunnel a week, while the 
record for a single week was an amazing 428m. Two 
types of TBM were used: those that dug the rail 
tunnels each weighed over 1000 tonnes, were over 
210m long and 8.5m in diameter and produced two 
tunnels with lined diameters of 7.6m. The service 
tunnel TBMs were 200m long, 5.5m in diameter and 
produced a lined tunnel with a diameter of 4.8m. 


As the tunnel was drilled, the excavations revealed 
many exciting geological finds. Just to the east of 
Folkestone, for example, geologists discovered 
thousands of shells of snail species which now only live 
in arctic regions and which had been buried in Britain 
since the end of the last Ice Age. Organic deposits 
along the coast contained fossilised fragments of 
beetles that lived about 8000 Bc. Archaeologists were 
also rewarded by the discovery of various Roman 
artefacts that lay buried near Dover. These included a 


number of brooches and fragmented pots, some of 
which have since been restored. 


One of the main problems encountered during 

the construction of the Channel Tunnel was an 
unavoidable stretch of fissured ground which let in 
water near the French coast. To combat this, engineers 
used slower TBMs which could operate effectively 
under water pressure. 

Altogether, the Channel Tunnel is not one tunnel 
but three — one for northbound rail traffic, another for 
southbound, with a service tunnel running in between. 
The traffic tunnels are 30m apart, and they are both 
8m from the service tunnel. All three bores lie at an 
average depth of 40m below the sea bed. 

The construction of the Channel Tunnel required 
the removal of seven million cubic metres of rock. The 
four million cubic metres on the British side were 
removed and redeposited behind a 1.7km long sea wall 
at Lower Shakespeare Cliff near Dover to create a new 
35-hectare park, reclaimed from the sea, and big 
enough to hold 68 football pitches. 

In France, three million cubic metres of soil were 
crushed and mixed with water to form a slurry which 
was then pumped into an artificial lake behind a dam 
at Fond Pignon near the Sangatte shaft. After the 
slurry dried out and consolidated, the area was 
landscaped to blend in with the surrounding hills. 
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e Trigonal crystals 


The trigonal crystal system has only recently been shown to be distinct 
from the hexagonal system, and even now it is not always clear whether certain 
minerals are hexagonal or trigonal. Because there is still some 
controversy over the whole question, many textbooks still describe minerals 
as being hexagonal/trigonal. Although it is the most complicated of all the 
seven systems of symmetry, the simplest trigonal unit consists of a solid 
shape with three equal horizontal axes at 60° to each other and a vertical axis 
at 90° to the plane containing the other three. 
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sided shapes stuck together? This, in simple 

terms, is the nub of the argument about 
trigonal crystals. Some scientists believe that 
trigonal crystals are a distinct form of symmetry 
that is different from the hexagonal system; 
others contend that so-called trigonal 
crystals are really no more than 
incompletely perceived hexagons. 

| Those who reject the idea of a 
e |! trigonal crystal system support their 

view by referring to the large number 
of ‘trigonal’ crystals that contain clearly 
hexagonal shapes. 

On the other hand, those who 
contend that trigonal crystals are 
substantially different from hexagonal 
crystals can point to many minerals that 
give the external appearance of belonging 
to one symmetrical system while close 
structural examination reveals that the basic 
structure and arrangement of their atoms 
conforms to one of the other crystal systems. 


È a hexagon a six-sided shape, or is it two three- 


Dioptase 

Some of the main trigonal shapes can be 
found in the minerals antimony, 

arsenic and bismuth. However, of 


A A trigonal crystal of magnesite. Crystals 
of this mineral are rare and may appear in 
rhombohedral or prismatic shapes. 


all the trigonal minerals, dioptase 
is probably the one whose true 
crystal structure can be seen most 
clearly when it is subjected to 
microscopic analysis. 

Dioptase is greatly valued for 
its green colour, which resembles 
that of emerald, but it is seldom 
used in jewellery because it is 


rather brittle for a gemstone. With a 
Mohs Scale hardness rating of only 5 it 
can be scratched without difficulty by the 


blade of a penknife. 


<A diagram showing the basic 
lines through which a trigonal 
crystal must be revolved to show 
its symmetry. 


More trigonal crystals 


Calcite is a very common mineral 

which crystallises in the trigonal 
system. This mineral is found in 
hydrothermal veins, and in many rocks, 

especially limestone, where it may make up 
well over 80 per cent of the rock. 


Trigonal crystals 


A A crystal of hematite. Note the grooves (striations) along the 
surfaces. Some crystals of this mineral have rhombohedral faces. 


Much calcite is of 
organic origin, making up 
shell and coral structures, 
so it may also be found in 
a wide variety of fossils. 
Calcite is fairly soft, 
scoring 3 on the Mohs 
Scale of hardness. It is best 
distinguished by its 
perfect rhombic cleavage 
and reaction to cold dilute 
hydrochloric acid. 

Corundum is another 
trigonal mineral. It often 
occurs as bipyramidal, 


prismatic crystals. This mineral is very hard — only 
diamond is harder — and scores 9 on the Mohs Scale, 


reer 


A Three diagrams showing some typical trigonal crystal shapes. 


Among the better known minerals with a trigonal 


crystal structure are: 


alunite dioptase 
ankerite dolomite 
antimony eudialyte 
arsenic hematite 
bismuth ilmenite 
brucite jarosite 
calcite magnesite 
chabazite millerite 
cinnabar nitratine 
corundum phenakite 


proustite 
pyragyrite 
rhodochrosite 
siderite 
smithsonite 
tourmaline 
willemite 


A A diagram 
representing a crystal 
of proustite which has 
formed in the shape of 
a double-ended 
trigonal pyramid. 


so it can only be scratched 
by diamond. Corundum 
forms in igneous rocks 
that are poor in silica and 
in aluminium-rich 
metamorphic rocks. 
Cinnabar, another 
trigonal mineral, is a 
bright red mineral that is 
a sulphide of mercury. It 
often occurs in irregular 
masses, but can form 
thick prismatic crystals 
which are commonly 
twinned, growing out of 


a shared crystal surface. Cinnabar is found around 
volcanic vents and hot springs. 


Cleaning your 
specimens | 


It is advisable not to clean mineral specimens more than is absolutely necessary. 
When a mineralogist is out collecting minerals, any loose rock and dirt 
may be carefully removed from a specimen to see what mineral has been found, 
but any other cleaning should be carrried out at home, where more 
time and equipment are available. However, because many specimens are fragile, 


soluble in liquids, or damaged by exposure to light, often the best 
treatment is not to clean them at all, apart from removing loose dirt. 
If specimens are correctly stored they will not get dirty. 


any mineral specimens will be on a rock 
| \ / | matrix, or may even be in a cavity, such as a 

vesicle, within a rock specimen. Attempting 
to remove the matrix to reveal the mineral specimen 
can be a risky business, often involving the use of a 
geological hammer and a chisel, which may themselves 
damage the mineral. So think twice before using 
heavy or sharp metal tools for cleaning or removing 
specimens. A collection that contains minerals in their 
true setting within a rock, or in combination with 
other minerals, has great scientific value. 


Identification 

Before cleaning a specimen and removing unwanted 
material from it, it is essential to identify the specimen 
correctly in order to avoid using a cleaning method 


^ Brushes and pointed metal tools for removing 
unwanted surface impurities, together with goggles 
and face mask. 


A» Some encrustations may be removed with 
hydrochloric acid. 


that may damage the mineral. In some cases a fine 
mineral specimen may have a surface coating of an 
unwanted mineral. Often this can be removed by the 
very careful use of certain tools and liquids, as long as 
the collector knows how the required specimen will 
react. If, for example, the coating is made of patches of 
calcite, these can be removed with a small chisel, which 
will make them cleave and break off. However, if the 
calcite coating is on a mineral that is softer than the 
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Cleaning your specimens I 


. THE ART OF COLLECTING 


» Brown crystals of gehlenite 
surrounded by white calcite. 
No attempt should be made to 
remove the calcite fom this 
fine specimen. 


chisel, then that, too, may be 
damaged by such treatment. 
If the mineral to be exposed 
will not react with dilute 
hydrochloric acid, then this 
liquid can be used to remove 
the unwanted calcite. 

Quartz crystals are often 
coated with a thin layer of 
unwanted material such as iron 
oxide. Quartz is a relatively 
hard mineral and can be 
scrubbed with distilled water and a brush, but softer 
minerals, or minerals which are damaged by contact 
with water, should not be treated in this way. 


There are many chemicals that can be used to 
remove unwanted coatings. It is essential to make sure 
that the specimen being cleaned will not be harmed by 
acids or other liquids before they are used. Most 

of these cleaning agents are acids which can be 
dangerous if not stored and used correctly, 
and the amateur is warned not to use them 
without great care. Perhaps the commonest 
cleaning agent is hydrochloric acid, which can 
be used for removing carbonates, as can acetic 
acid. Iron staining will dissolve in oxalic acid. 


« Pyrite in the process of alteration by 
exposure to air. If this is allowed to continue, 
the whole specimen will eventually turn into iron 
sulphate through the addition of oxygen to the 
basic mineral's iron and sulphur components. 


Malachite This is best washed in 
distilled water. Beware of scratching 
the soft surface. 


Quartz This is a hard mineral, so any 
| surface coating can be physically 

| removed. Dilute hydrochloric acid will 
| remove calcite, and oxalic acid can be 


minerals such as mica, with which 
garnet is often associated, can be 
removed carefully with a wire brush. 


Topaz This is a hard mineral (scoring 


8 on the Mohs Scale) so it will Sphalerite This is often found with 


|| 
| used to remove iron staining. 
| 
| 


Calcite A soft mineral, registering 3 on 
the Mohs Scale, so the use of sharp 


| tools should be avoided. Calcite is 


soluble in acids, so use distilled water 
for cleaning. 


Gypsum This only scores 2 on the 
Mohs Scale, so is very easily scratched. 
It is often found with a clay matrix 
which can be removed with water. 


Pyrite This often occurs with other 
minerals such as quartz, and it may 
be best to leave these adhering to it. 
Surface stains can be removed with 
oxalic acid. 


withstand a certain amount of brushing 
and physical removal of unwanted 
material. Iron stains can be removed 
with oxalic acid. 


Realgar This should be stored in 
the dark, as it reacts with light and 
changes to orpiment. Only attempt 
cleaning with a soft brush. 


Halite This is very soft and soluble in 
water. Any adhering clay should be 
removed with pure alcohol, not water. 


Feldspar Any iron stains are best 
removed with oxalic acid. 


calcite, which can be removed with 
dilute hydrochloric acid. However, 
take care that the acid is washed off 
quickly with plenty of distilled water 
before the sphalerite itself begins to 
deteriorate. 


Tourmaline Any clay can be removed 
with hydrochloric acid. 


Fluorite Dilute hydrochloric acid can 
be used to remove calcite, with which 
fluorite often occurs. 


Turquoise Use only distilled water for 
cleaning. 
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GEMSTONES 


Red jasper is a variety of 
chalcedony quartz which 


derives its colour from 
impurities of hematite 


(iron oxide). 


Earth, jasper has a dull sheen. The gem responds 

well to strong polishing, however, and quickly 
develops an attractive sparkling lustre. 

Red jasper is seldom of a consistent (homogeneous) 
colour throughout an entire specimen. This is mainly 
because the hematite from which it derives its redness 
is almost never evenly distributed within the body of 
the gemstone. 


[: its raw form, when freshly extracted from the 


Red and white zoning 

Jasper is also likely to form in alternating layers with 
clay or goethite (another naturally occurring form of 
iron oxide). When it occurs 

with clay, the resulting 

deposits tend to have clearly 

delineated white streaks. This 

effect is known scientifically 

as zoning and gems that 

display it are sold under the 

name of riband jaspers. 

When jasper forms in 

association with goethite, the 

overall colour of the gem 

tends to be brown or yellow 

rather than a distinct red. 


FACT FILE 


RED JASPER 


Group: Oxides 
Crystal system: Trigonal 


Chemical formula: Si02 
Hardness: 7 

Density: 2.6 

Cleavage: None 

Fracture: Conchoidal 
Colour: Variable 

Streak: White 

Lustre: Vitreous to greasy 
Fluorescence: None 


A Jasper from a mine 
in Oregon (USA). 
Although this 
specimen is probably 
unsuitable for cutting 
and polishing, it has 
outstanding natural 
beauty of its own and 
needs no adornment. 


4 A magnificent aggregate of cryptocrystalline jasper. 
Although this specimen does not have the classic 
evenness of colour expected in the finest gemstones, 
it has a natural beauty which some people regard as 
even greater than that of cut and polished varieties. 


> Jasper may form in 
light and dark layers, 
which give it the 
appearance of grainy 
wood. In scientific 
terms, such specimens 
are said to be zoned. 


<The concentric rings of this 
jasper have developed 
around a central nucleus. 


CHARACTERISTICS 


Although pure red jasper has no cleavage, riband 
jaspers will break up (cleave) along the weak lines 
between the differently coloured stripes. 

Some red jaspers may be surrounded by white or 
grey layers of chalcedony or clay. The overall shape of 
these deposits may resemble that of an eye and such 
formations are known as orbicular jaspers. 


Gemstone 


Preferred uses 

Jasper is a fairly hard gemstone scoring 7 on the Mohs 
Scale. It is not damaged by vigorous polishing which 
brings out a beautiful sheen (lustre), greatly enhancing 
its value. Red jasper is generally smoothed into 
ornamental slabs or carved into brooches with raised 
designs called cameos. 
It may also be used «di 
to make a wide range i-i 
of beautiful utensils, 
including bowls, cups, 
goblets and vases. 


> A 16th-century Italian 
vase made principally of 
jasper. The figurine is 
carved from gold; the 
other surface decorations 
feature diamonds, pearls 
and rubies. ls 


Jasper is enormously absorbent of liquid (porous). 
It thus lends itself to treatment with dyes, which may 
be used to improve the appearance of less well- 
marked specimens. 

Ornamental jasper that has been stained throughout 
is known as solid jasper; specimens which have been 
coloured on the surface only are known as dips. 

Among the earliest and most famous exponents of 
these staining techniques were the English potter 
Josiah Wedgwood (1730-1795) and his principal 
modeller, William Hackwood. Hackwood moulded 
a range of decorations in the 
Neo-classical style which were 
applied to Wedgwood's 
jasperware artefacts, 
including cameo 
rings, furniture 
mounts, plaques, 
portrait 
medallions, 
tableware and 
vases. 


(metamorphic rocks). 


and slab-like formations (concretions); as a 
replacement product in rocks that have been 
transported from their original location and 
redeposited elsewhere (sedimentary rocks); and in 
rocks that have been altered by heat and pressure 


Red jasper is found in many parts of the world, but 
the finest specimens come from India and Venezuela. 
California, USA, has ‘orbicular’ jasper, a beauiful variety 


in which white eye-shaped patterns are set in a red 
surround. Red and green 'riband' jasper occurs in 
France, Germany and Russia. 
Among the many other countries in which 
significant quantities of jasper have been discovered 
| are Cyprus, Egypt, Italy, Scotland and South Africa. 


A A 15th-century Italian 
goblet carved from a 
slab of red jasper and 
purple amethyst. 
Amethyst and jasper are 
two semi-precious 
varieties of the same 
widespread mineral, 
quartz (silicon dioxide). 


A A two-handled vase made of 
red jasper (15th-century Italy). 


< Red jasper from the 
mineralogical collection of the 
Natural History Museum, 
London (England). The colour, 
though variable and clearly 
zoned, is nevertheless more 
consistent (homogeneous) 
than that of any other 
specimen shown here. 


ORIGINS and DISTRIBUTION a? 


Jasper occurs in several situations. It forms in veins 
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! MINERALS 


Mercury 


Mercury is the only metal 
that is liquid at room 
temperature. It has a wide 
range of industrial and 
domestic uses. 


BR tane ` 


ercury is a silvery metal with a brilliant 

lustre (sheen). It is very occasionally found 

on its own in nature, but most of it has to 
be extracted from the mineral cinnabar. Mercury can 
be extremely poisonous unless properly used and 
should be handled with great care. 

Most mercury is found in the mineral ore cinnabar, 
in which it is combined with sulphur. In scientific 
terms, mercury is said to be a native element. If 
cinnabar is roasted in an open flame, the oxygen 
that is present in the air will combine with the sulphur 
to give off sulphur dioxide gas and leave isolated 
mercury behind. 

This reaction is very easy to achieve, which is 
no doubt why mercury was discovered very early in 
human history. It is known to have been used by the 
ancient Phoenician, Chinese and Greek civilisations, 
and has been found in Egyptian tombs dating from 
1500 Bc. The Chinese thought that it prolonged life 
and had healing properties. The Romans called 


MERCURY 


Group: Native elements 
Crystal system: Trigonal 
Chemical symbol: Hg 
Hardness: Liquid 
Density: 13.6-14.5 
Cleavage: None 


Fracture: None 
Colour: Silver 
Streak: None 
Lustre: Metallic 


Fluorescence: None 


> A rare droplet of liquid 
mercury from Stazzema 
near Lucca, Italy. 


CHARACTERISTICS 


Mercury is a metal. Because it can occur on its own 
in nature, uncombined with any other chemical, 

it is categorised as one of the native elements. 
Nevertheless, mercury is very rare in its native form, 
and is more usually found combined with sulphur 
as cinnabar. 

All other metals are solid, but - uniquely - mercury 
is liquid at room temperature. It freezes at -38.9°C 
and at about -40°C it will start to form crystals. These 
belong to the trigonal system of symmetry and are 
rhombohedral in form. 

One of the most unusual characteristics of 
mercury is that it shrinks when it freezes - this is in 
contrast to water, for example, which always expands 
when it solidifies. 

Liquid mercury is extremely heavy, weighing 13.6 
times more than the equivalent volume of water; 
even lead, which is proverbially heavy, is lighter. 
When mercury freezes and shrinks, the same amount 
of matter has to be fitted into a smaller volume: 
as a result, frozen mercury is even denser than the 
liquid form of the metal - solidified mercury is 
approximately 14.5 times heavier than an equivalent 
volume of water. 


A Liquid droplets of native mercury on quartz (Almaden, 
near Ciudad Real, Spain). Most naturally occurring 
mercury is found in a solid mineral compound called 


cinnabar which also contains sulphur. 


rather than artificially, combined. Amalgams of 


ORIGINS and 
DISTRIBUTION 


Mercury is seldom found alone, 
although isolated droplets 
sometimes form on the outer 
edges of cinnabar deposits. Some 
fluid masses of mercury have been 
known to occur in certain rock 
cavities in regions of volcanic 
activity. 

Mercury is found in many parts 
of the world, most notably in- 
mines near Landsberg (Germany); 
Mount Avala (Serbia); Idrija 
(Slovenia); and Ciudad Real (Spain). 
In the USA, mercury occurs in 
California, Texas, Arizona, 
Washington and Utah. 


mercury are also used in the purification of gold. 


Dental fillings 


Synthetic amalgams of mercury are used to fill cavities 


mercury hydrargyrum, meaning ‘water silver’, and it is in teeth. Although there is controversy about whether 
from this word that Hg, the modern chemical symbol ^ such fillings are actively poisonous, the question is still 
for this metal, is derived. Today, mercury is still unresolved and many dentists believe that it is more 
sometimes known by its old name of quicksilver. harmful to remove existing mercury fillings than to 


OT 


Although most mercury is obtained by roasting, leave them in place. 

cinnabar may sometimes decompose naturally, without : 

heating, leaving traces of liquid mercury around the Deadly poison 

edges of cinnabar deposits. However, such specimens Whatever the truth about dental fillings, there is no 

are rare. doubt that mercury can be a deadly 
à; v « oison. Anythin than a t 
ia ) p . Anything more than a trace 

Uses ' t “ $, of it in food causes many serious 


Mercury is a liquid which only 
becomes a solid (freezes) at —38.9°C 
and boils at 357?C. As a result, 
mercury which is kept in normal 
atmospheric temperatures (between 
about —20°C and 40°C) will expand 
and contract visibly. This is why 
mercury was formerly used as the 
fluid in thermometers. It is also 
widely used to make the filaments 
in ultraviolet lamps. 

One of the most useful 
properties of mercury is its ability 
to dissolve many other metals and 
form solutions called amalgams. 
An amalgam is defined as any 
combination of mercury and 
another metal. It is also the 
name given to a rare white 
mineral, also known as 
moschellandsbergite, in which 
mercury and silver are naturally, 


illnesses, including liver and kidney 
damage. In 1972, almost 100 
countries banned dumping mercury 
in the ocean, a practice which had 
once been widespread and which had 
led to dangerously high levels of the 
metal getting into various fish eaten 
by humans, especially tuna. 


Treatment 

Because it is dangerous to inhale 
mercury fumes, any work with the 
metal must be carried out in a 
ventilated room. Specimens must be 
kept in glass containers or airtight 
plastic boxes. As mercury is a liquid, 
cleaning is neither necessary nor 
practicable. 


4 Mercury droplets on a quartz 
matrix (base). These rare specimens 
were found near Lucca, Italy. 


Dioptase is a beautiful deep 
green mineral. It is rare and 
valued by mineral collectors, 
though it is not hard enough 
to be worn as jewellery. 


ioptase is a transparent mineral which gets its 
name from the Greek dia (‘through’), and 
optomat (‘to see’), because its cleavage planes 
are visible within the crystal. Its green colour is 
sometimes so strong that it hides the magnificent 
sparkle of the stone. The finest specimens may be 
mistaken for emerald when first encountered. 
Although dioptase is not hard enough to be used 
in jewellery, it is sometimes cut to bring out its best 
lights. It is usually cut in brilliants, cabochons or 
facets, and the pavilion and crown surfaces are 
generally cut at an angle of 40°. (For an explanation 
of gem cutting terms, see Discovery 9 and 11.) 
Dioptase looks very striking when it is cut in this 
way. Some specimens may show two different colours, 
depending on the angle from which they are viewed, 
and fashioning is an effective way of bringing out this 
effect, which is known as ‘weak dichroism’. 


A A radiating aggregate of dioptase from Zaire. 


Y A geode of limonite containing dioptase. 


T t4 
Dioptase is a member of the silicate group 
of minerals. It is a silicate of copper that 
also contains hydrogen and oxygen. 

Most dioptase is deep emerald green, 
but some specimens may show a hint 
of blue. 

Crystals of dioptase sometimes 
form in clusters (aggregates). They are 
prismatic and often have six-sided ends 
with parallel sides - such shapes are called 
rhombohedrons. 

Dioptase is moderately hard, 
registering 5 on the Mohs Scale of 
hardness. It weighs more than three 
times as much as the equivalent volume 
of water. 

When dioptase is rubbed along a piece 
of unglazed white porcelain, it reveals a 
pale, greenish-blue streak. 
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Rare mineral 


However, dioptase is not often used like this 
because it is brittle, and so fashioning can be more 
trouble than it is worth. Besides, a lot of dioptase 
looks beautiful enough as it is. 


Collectable mineral 
Dioptase tends to look better in large groups of 
crystals than in the very small individual crystals 
that comprise them. Such large groups can be very 
expensive, whereas single crystals of dioptase may be 
picked up more reasonably from many dealers. 

The green of some dioptase is so strong that the 
crystals may seem to lose their transparency and 
appear opaque. 


Treatment 

Dioptase should be handled gently because it can be 
chipped quite easily. It should never be brought into 
contact with hydrochloric acid, nitric acid or liquid 
ammonia because each of these chemicals will 
dissolve it. The calcite matrix (base) in which dioptase 
is sometimes found embedded can be removed 
without damage to the specimen by treating it with 
acetic acid. Domestic vinegar is a form of this acid, 
and if you are lucky you may find that it is strong 
enough to remove the impurities and clean the surface 
of your specimens. 


ORIGINS and DISTRIBUTION < T. 


Dioptase is not a very common mineral. It is 

found in parts of copper veins that have been oxidised 
by air or water, and in some of the hollows and 
cavities in these veins. It is usually found associated 
with the minerals azurite, calcite, cerussite, 
chrysocolla, limonite or wulfenite. 

Historically, the most famous source of dioptase 
was Altyn-Tube in the Khirgiz Steppes of Kazakhstan. 
Specimens that were mined there were wrongly 
identified as emeralds and sent to the court of the 
Russian tsar in St Petersburg. It was not until the 
beginning of the 19th century that the mistake 
was realised. 

Further significant deposits of dioptase are found 
at Teumeb in Namibia and at Soda Lake Mountain in 
San Bernardino County, California, USA. In other parts 
of the world, deposits of dioptase have 
been identified at Copiapó in Chile 
and Mindouli in the Congo. 
Dioptase from the Mammoth 
Mine at Tiger, Arizona, USA 
is usually associated 
with cerussite and 

- orange wulfenite. 


A A one-carat 
dioptase gemstone 
fashioned into a 
round cut. 


DIOPTASE 


Group: Silicates 


Crystal system: Trigonal 
Chemical formula: CuSi0,(0H), 
Hardness: 5 

Density: 3.28-3.35 

Cleavage: Perfect 


4 Long prismatic 
crystals of dioptase 
from Zaire. 


Fracture: Conchoidal to uneven 


Colour: Deep green 


Streak: Pale greenish blue 


Lustre: Vitreous v Squat crystals of 
dioptase in a matrix 


(base) of rock. 


Fluorescence: None 


arcasite is usually pale brassy 
yellow in colour. It was 


first classified as a 
distinct mineral in 1845 by 
Wilhelm von Haidinger, an 
Austrian mineralogist. The 
name he gave it comes from 


margashita, an Arabic word of 


uncertain meaning, which 
g 

had previously been used to 

describe pyrite. Pyrite and 

marcasite have the same 

chemical composition, but 

different crystal symmetry. 
The so called marcasite 


sold in jewellers’ shops today is 


in fact pyrite. This is partly 


because marcasite is a more exotic 


sounding name, and partly 


because pyrite is also known as 


Marcasite is very similar to 
pyrite. Although they 
are both common and 
widespread minerals, 
is the less common of the two. 
Both minerals have the same 
chemistry, but belong to 
different crystal systems. 


marcasite 


fool’s gold, a name which tradesmen 


o 


fear will be off-putting to customers. 


But, of course, pyrite 
could never be passed off 
as marcasite if the two 
minerals were not very 
similar. In fact, chemically, 
marcasite and pyrite are 
identical, each mineral 
containing the same 
elements (iron and 
sulphur) in exactly the 
same proportions. 


Crystal shapes 

The crucial difference 
between them is the basic 
shape of their crystals. 


MARCASITE 


Group: Sulphides 


Crystal system: Orthorhombic 


Chemical formula: FeS, 
Hardness: 6-67 
Density: 4.87—4.92 
Cleavage: Distinct 


Fracture: Uneven 


Colour: Pale brassy yellow 
Streak: Greenish black 
Lustre: Metallic 


Fluorescence: None 
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A These golden crystals of marcasite are on a matrix 
(base) of galena, the major ore of lead (Pitcher, 
Oklahoma, USA). 


Pyrite has cubic crystals, while marcasite crystals 
belong to the orthorhombic system and usually 
appear in tabular (table-top) shapes. 

However, this presents mineralogists with a 
problem, because crystal symmetry is often hard 
to determine without detailed tests on specialised 
equipment. Fortunately, there are other, simpler 
tests which can be carried out to ascertain whether 
a particular specimen is marcasite or pyrite. 

Marcasite decomposes quite easily and quickly 
when it is exposed to the air, turning into iron 
(ferrous) sulphates and decomposing. Pyrite will 
also eventually undergo the same reaction, but the 
process is much slower. Marcasite will dissolve in 


Widespread mineral 


nitric acid, but with some difficulty. Another 
important clue to identification lies in the fact that 
marcasite specimens appear slightly paler than those 
of pyrite. 


Treatment 
Pyrite is sometimes fashioned into cheap jewellery, 
usually in facets or in cabochons, and marketed under 
the name of ‘marcasite’. (For an explanation of gem 
cutting terms, see Discovery 9 and 11.) 
Marcasite is a fairly unstable 
mineral which decomposes 
easily. Therefore it should 
not be cleaned. Specimens 
should be kept in an 
airtight container 
with a sachet 
of silica gel. 


ORIGINS and DISTRIBUTION &€ 


Marcasite commonly forms from acid solutions which 
have permeated sedimentary rocks such as clay, 
shale, chalk and limestone. It also occurs in altered 
hydrothermal mineral veins. 

Although marcasite is less common than pyrite, 
it is still a widespread mineral; some of the finest 
specimens have been found in the following 
locations: at Karlovy Vary (Czech Republic); near Calais 
(France); at Clausthal, Freiberg and Annaberg- 
Buchholz (Germany); around Venice and in Tuscany 
and Lazio (Italy); at Galena, Illinois, and in Kansas, 
Missouri and Oklahoma (USA). 

In the British Isles, marcasite deposits have been 
found in the Kentish chalk marl between Dover and 
Folkestone and at Tavistock in Devon. 


Marcasite is a member of the sulphide group of 
minerals. It is a sulphide of iron, and each atom of 
the metal is combined with two atoms of sulphur. 

Crystals of marcasite belong to the orthorhombic 
system, and are often tabular (like a table top) in 
shape. In some deposits, marcasite may appear 
kidney-shaped (reniform) or globular. Crystals are 
often joined together in an effect known as 
twinning. Sometimes these twinned crystals look 
like spearheads and are known as 'cockscomb 
aggregates’. 

Marcasite may also occur as stalactitic formations 
or in bunches of fibres which radiate outwards. 

The colour of freshly unearthed marcasite is 
slightly lighter than that of pyrite, but this is nota 
reliable means of distinguishing these two very 
similar minerals because the surface of marcasite 
darkens on prolonged exposure to light. 


AA < A specimen of pyrite, which 
has the same chemical composition 
as marcasite, but has cubic crystals. 
A 4 An aggregate of globular 
marcasite. 

Y A cockscomb marcasite aggregate. 


Realgar is one of the most 
important sources of 
arsenic - a metallic 
element with a wide 
range of industrial uses. 


ealgar is a red or orange-red colour. 

Its name comes from the Arabic 

rahj al ghar, meaning 'powder of 
the mine’. Realgar has been known since 
ancient times. It was described in detail by 
the Roman historian Pliny the Elder (AD 
23—79) in his encyclopedia Naturalis 
Historia. It was once used to colour fireworks, 
but today minerals containing strontium 
compounds are used for this purpose because 
[-] they are less hazardous than minerals containing 
poisonous arsenic. 

Realgar is still sometimes used as an artist's 
pigment, but the same red coloration can nowadays 
usually be obtained more cheaply and conveniently by 
artificial methods. 


Uses of arsenic 
Arsenic, which is believed to have been discovered in 
about 1250, is a highly poisonous metallic element. 


A Small, compact masses of realgar (Nevada, USA). 


Modern safety considerations dictate that realgar and 
other compounds that contain it are less widely used 
than they were a century ago. 


ORIGINS and DISTRIBUTION & 


Hot fluids, mainly water, seeping upwards into the 
higher levels of the Earth's crust contain a wide range 
of chemical elements. From these hydrothermal 
solutions many minerals are deposited. Realgar can 
form in this way and it is often associated with 
orpiment and stibnite. Elsewhere, realgar occurs in 
limestones and dolomite rock formations and as a 
deposit formed after the eruption of volcanoes and 
hot springs. 

Important deposits of realgar are found in Corsica 
(France); Naples, Sondrio and Tuscany (Italy); Allchar 
(Macedonia); Baia Sprie, Cavnic and Sacaramb 
(Romania); and Valais (Switzerland): The largest source 
of realgar in the USA is the Getchell Mine in Nevada. 


4 Red crystals of realgar from Allchar, Macedonia 
(former Yugoslavia). 
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Industrial mineral 


A A massive aggregate of realgar (Nevada, USA). 


Nevertheless, arsenic still has many industrial 
applications. The metal itself is used in transistors and 
in lead-based alloys, where it accelerates hardening. It 
may also be a component of some forms of brass (an 
alloy containing zinc and at least 50 per cent copper). 

Compounds of arsenic are useful, too. Some are 
put into insecticides, while others form electrical semi- 
conductors. The compound gallium arsenide has the 
amazing capacity to convert electricity directly into a 
laser beam. Because of this, it is used in light-emitting 
diodes (LEDs) which can be seen on the consoles of 
personal computers, compact disc players and a wide 
range of other visual display units. 


Sources of arsenic 

Of the many minerals which contain arsenic, realgar, 
orpiment and arsenopyrite are the most important 
ores, and they are mined on an industrial scale. Arsenic 
is removed from the minerals by roasting them 
in air. This process forms arsenic oxide, 

a compound which is then reduced by 
hydrogen or carbon to leave the 
native element behind. 


FACT FILE 
REALGAR 


Group: Sulphides 


Crystal system: Monoclinic 


Chemical formula: AsS 
Hardness: 17—2 
Density: 3.56-3.59 
Cleavage: Distinct 
Fracture: Conchoidal 


Colour: Red to orange-red 


Streak: Orange-red 


Lustre: Resinous 


Fluorescence: None 


EM 


Realgar is a member of the sulphide group of 
minerals. Each molecule is made up of one atom of 
arsenic and one atom of sulphur. 

Crystals of realgar belong to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. Crystals usually 
appear in prismatic shapes and often have grooves 
(striations) running along their faces. 

Non-crystalline realgar may form as massive 
shapeless specimens or as small grains. 

Realgar is a very soft mineral. It scores no more 
than 2 on the Mohs Scale of hardness, and can be 
scratched by a fingernail. 

When hit with a hammer or subjected to similar 
forms of pressure, crystals of realgar will split along 
their weakest structural lines. Thus the mineral is said 
to show distinct cleavage. 

When realgar breaks, a curved-shaped pattern is 
produced which resembles that on the outside of a 
seashell (conchoidal fracture). 

Realgar is moderately heavy, weighing about three 
and a half times the equivalent volume of water. 


Tests and treatment 
In common with other arsenic-bearing minerals, 
realgar gives off a strong smell of garlic when it is 
heated over an open flame. This, together with its 
distinctive red colour, is the main identification test. 
When it is exposed to light, realgar changes into 
orpiment and then crumbles into a powder known as 
pararealgar. That is why realgar specimens should 


always be kept in light-proof containers. 


v Encrustations of tiny realgar 
crystals (Naples, Italy). 


DISCOVERY i Eu 


Hexagonal crystals 


When a solid body is turned through a circle (360°) in any direction and the same 
shape is visible more than once, that body is said to be symmetrical, or to show 
symmetry. Crystals are classified according to how much symmetry they have. 

Some crystals repeat their shapes twice through a complete rotation; others repeat 
them three or four times. No crystals show five-fold symmetry. Crystals which 
show the same shape six times are said to belong to 


either the hexagonal or trigonal crystal system. 


, | Y here has for a long time been much debate 
as to whether certain minerals belong to the 
hexagonal or trigonal crystal system. There are 
great similarities between the two systems and many 
minerals are quoted in one reference work as being 
in the hexagonal system and in another as belonging 
to the trigonal system. Some mineralogists still treat 
the two systems together and refer a mineral to the 
‘hexagonal/trigonal’ system. 

The main problem is deciding whether the crystal 
in question has six-fold symmetry or displays two sets 
of three-fold symmetry. Such analysis is often only 
possible with microscopic study. 


Defining axes 
Crystals in the hexagonal system have four axes, 
chosen from the many axes such crystals have, and 
these are known as the crystallographic 

axes. They are the defining axes of the 
crystal system. The vertical axis can 
be any length, but the three 
horizontal axes are equal in 
length and at 120? to each 
other. The following is a 
selection of minerals 

which have crystals in 

the hexagonal system. | 


Quartz 
This common mineral 
often forms as good six- 
sided crystals which have 
hexagonal symmetry. The 
typical crystal shape is a 
prism, where the 
vertical axis is 
longer than the 
three horizontal 
axes. The 
crystal is often 
terminated with 
a pyramid made of 
six triangular faces. 


A A green crystal of beryl, one of the minerals that 
is sometimes placed in the hexagonal system of 
symmetry, and sometimes in the trigonal. 


4 Prismatic crystals of smoky quartz on a matrix (base) 
of metamorphic rock (St Gotthard, Switzerland). 


Quartz is a hard mineral, registering 7 on the Mohs 
Scale, and can be found in a variety of colours 
including purple (amethyst) and pink (rose quartz). 
These colour varieties are often cut into gemstones. 
Quartz is found in igneous rocks, especially granite, 
and in hydrothermal mineral veins 
and geodes, where the best 

crystals grow. 


Vanadinite 
Vanadinite contains the 
elements lead, chlorine, 
oxygen and vanadium. It 
forms slender prismatic 
hexagonal crystals, some of 
which may be hollow. 
Because it contains lead 
vanadinite is a heavy mineral — 
with a density of 6.88 it weighs 
almost seven times the equivalent 
volume of water. Its colour, a fine 
red to orange-red, is also distinctive. 
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Hexagonal crystals 


Vanadinite occurs in lead deposits, especially where 
lead minerals have been altered by oxidation. In some 
locations, vanadinite resembles pyromorphite. 


Apatite 
Strictly speaking, the name apatite is applied to a 
group of minerals, all of which have a very similar 
chemical composition. 

Apatite forms as hexagonal crystals, with either 
a prismatic or flat tabular shape. Sometimes apatite 
crystals are very large, especially those formed in rocks 
called pegmatites. These rocks have the same overall 
composition as granite, but have been affected by 
hydrothermal fluids and often have exceptionally 
large crystals and unusual minerals in them. Apatite 
is moderately hard and registers 5 on the Mohs Scale 
of hardness. 


Molybdenite 

Molybdenite forms as thin, silvery 
grey, metallic crystals which have 
a hexagonal outline. These are 
sometimes stacked together 
in layers. 

Molybdenite is a very 
soft mineral, with a 
hardness of only 1 
to 14 on the Mohs 
Scale. When a 
specimen is handled, 
the hands become 
grey with minute 
flakes of the 
mineral. 
Molybdenite forms 
in granitic rocks as 
an accessory mineral, 
and also in hydrothermal veins. 


Pyrrhotite 

Like magnetite, pyrrhotite is a magnetic mineral. 
Crystals are rare, but although they appear plate-like or 
tabular, detailed analysis reveals that they all in fact 
conform to the hexagonal system. 


The following minerals are generally listed as 
belonging to the hexagonal system of crystal symmetry, 
but some mineralogists believe they should be classed 
in the trigonal system. 


Graphite 

Like diamond, graphite is a form of pure elemental 
carbon; unlike diamond, it forms in flat, tabular 
crystal shapes. 

Graphite looks similar to molybdenite, but they are 
differentiated by weight: graphite is about two and a 
quarter times heavier than the equivalent volume of 
water, while molybdenite is more than four and a half 
times heavier. 


A A specimen of pyromorphite showing barrel- 
shaped crystals. 


«< Covellite crystals on pyrite. This specimen 
comes from Butte in Montana, USA. 


Beryl 
Beryl is another mineral 
that is sometimes placed 
in the hexagonal system 
and sometimes in the 
trigonal. Its crystals can 
be enormous, and may 
have stripes (striations) 
running all along their 
surfaces. Its colour 
ranges through blue, 
green, gold, red, pink 
and white. It is a hard 
mineral, scoring 7-7% on 


the Mohs Scale. 


Covellite 

Also known as covelline, this mineral crystallises in 
tabular shapes, and is often confused with bornite. 
However, microscopic analysis reveals that bornite 
crystals are cubic, while those of covellite appear to 
conform to the hexagonal system. 


Pyromorphite 

Pyromorphite was formerly known as ‘green lead’. It 
often takes the external appearance of six-sided barrel- 
shaped crystals. It is generally listed as belonging to 
the hexagonal system of crystal symmetry. 


Among the minerals with a hexagonal crystal 
structure are: 


apatite molybdenite vanadinite 
gyrolite pyrrhotite wadeite 
langbanite quartz zinkenite 
mixite tungstenite 


pu MAJOR 


MINERAL 
DEPOSITS 


igeria is set on a low plateau about 600m 
Ne sea level. Most of the country is divided 

up by the Niger and Benue river valleys and is 
separated from the open sea by a narrow belt, about 
16km wide, of coastal swamps. Further inland the 
main features of the landscape include the Nsukka- 
Okigwe escarpment, the Jos and Biu plateaux, and the 
mountains of Adamawa. The main surface of the 
plateaux is underlaid by crystalline rocks in the north 
and west, and by sandstone in the east. There are also, 
throughout the country, many 'inselbergs (steep, 


isolated, rocky hills). 


Petroleum 

Petroleum has been the mainstay of the national 
economy since the 1970s. By the 1980s, Nigeria had 
become the world’s fifth leading oil producer and there 


GROUNDWORK 


On the mineral trail: 


The Federal Republic 
of Nigeria occupies 
an area of 923,768 sq 
km in West Africa. 

It is the most 
densely populated 
country in Africa, 
with one sixth of 
the continent's 
population. Since 
1991, Nigeria's 
capital has been 
Abuja, although its 


Lake Chad 


former capital, 
Lagos, remains the 
largest city. 


were three refineries in operation — at Port Harcourt, 
Warri and Kaduna. The 1990s saw a considerable 
increase in revenue from the petroleum industry and by 
the early 21st century the output of crude petroleum 
was about two million barrels a day. Because of its low 
sulphur content, Nigerian oil is attractive to American 
and European countries, which are now concerned 
about reducing air pollution. Nigeria supplies 10 per 
cent of the oil consumed in the United States. 


Other sources of energy 

Nigeria has many renewable and non-renewable sources 
of energy. Some of these, like solar energy and water 
power, have yet to be fully exploited. Hydroelectric 
stations provide much of the power used in the country. 
The power stations at Jaini Dam, Shiroro Dam and 
Jebba Dam are particularly important in this respect. 


Nigeria 


il: 


On the mineral tra 


A The mighty River Niger flows right through the country and enters the 
sea to the west of Port Harcourt. 


A Port Harcourt, Nigeria's main oil refining centre. 


Natural gas is also important in the generation of 
electricity. By the late 1980s, annual production of 
natural gas had risen to 3.7 million cubic metres. 


Natural resources 

Although the main commodities exported in recent 
years have been petroleum and natural gas, in the 
Niger Delta and off-shore in the Bight of Benin, ores 
of several metals are also to be found. These include 
tin, iron, lead, zinc, uranium and niobium. The last 
named is extracted from a black crystalline mineral 
called columbite. Niobium is important in the 
manufacture of alloy steels. 

Many areas contain sedimentary rocks which are 
rich in iron. Although iron ores are widespread, they 
have yet to be fully exploited. The main deposits are at 
Mount Patti, near Lokoja, at Sokoto, and in the Itakpe 
Hills, where iron ore, magnetite and hematite are the 
main mineral ores found. Iron ore reserves at Itakpe 
are estimated to be at least 200 million tonnes. Tin 
ore and columbite are to be found on the Jos plateau. 
Limestone, which is used in the manufacture of 


» The Agip oil company refinery plant at Ebocha. 


forced them to close. Production then began at Okaba 
in Benue state. 


cement, is found at Nkalagu, 
Abeokuta, Sokoto, Ukpilla and 
Calabar. Lignite and salt also occur 
in smaller quantities. 


Mining industry 

Mining is the most important 

and fastest growing sector of the 
Nigerian economy. Its share of the 
Gross Domestic Product (GDP) 
increased from just one per cent in 
the 1950s to about 25 per cent in 
the late 1970s. Although this was 
largely due to the increase in crude 
oil output, the mining of tin ore and 
coal was also an important feature of 
the economy. 

Tin ore has been mined on the 
Jos plateau since 1905. However, 
since 1962, when a smelting plant 
was built to produce tin ingots, tin 
has not been exported in its raw 
form. Both tin ore and columbite 
are extracted by opencast mining. 

Coal has been mined in Nigeria 
since 1915. Coal occurs in the Udi 
district of Anambra state and in 
parts of Kwara and Benue states. 
Nigeria's coal reserves consist of low 
quality bituminous coal, one third 
of which is in Anambra state. There 
are also lignite (brown coal) deposits 
in Bendel, Anambra and Imo states. 
The oldest mines are near Enugu, 
although the civil war in the 1960s 
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Cerussite 


Cerussite is one of the 
minor sources of metallic 
lead. Its crystals can 

be very beautiful and 

are sometimes cut by 
mineral collectors. 


erussite (sometimes spelt ‘cerusite’) is 

often colourless or white, but may also be 

blue, green or grey in colour. The name was 
coined in the 19th century and is derived from the 
Greek keros, meaning wax: this is a reference to the 
shiny, translucent quality of the finest crystals. 


Collector's mineral 

Cerussite is a source of lead, but it is neither as 
plentiful nor as widely distributed as galena, the main 
ore of this important metal. The chief interest of 
cerussite lies in its appearance. 

Cerussite is beautiful enough to be used as a 
gemstone, but it is too soft to withstand the wear and 
tear of daily use. Fine crystals are often cut to enhance 
their appearance and bring out their best lights, and 
such crystals may often be seen in mineralogists’ 
display cabinets. The preferred cutting angle for 
cerussite is 40? along both the crown and the pavilion 
surfaces. (For a more detailed explanation of gem- 
cutting terms, see Discovery 9 and 11.) 

The largest cerussite crystal ever discovered was 
over 10cm long and came from the Tsuneb mine in 


A Clearly defined, individual crystals of cerussite 
(Cagliari, Sardinia, Italy). 


A An amazingly intricate network of cerussite 
crystals (Tsuneb, Namibia). 


CHARACTERISTICS 


Cerussite is a member of the carbonate group of 
minerals. It is made up of the chemical elements lead, 
carbon and oxygen. 

Crystals of cerussite belong to the orthorhombic 
system in which all three crystallographic axes are 
unequal in length but at right angles to one another. 
Externally, the crystals appear in prismatic or table- 
top shapes and often terminate in pyramids. Arrow- 
headed crystals are very common: these are caused 
when two crystals grow into one another in the 
phenomenon known as twinning. Cerussite has a 
distinctive sheen which resembles that of diamond: 
this is known as adamantine lustre. 


Namibia. Many people believe that the most beautiful 
specimens of cerussite come from the Italian island 
of Sardinia. 


Tests and treatment 

Cerussite is very brittle and fragile, and must be 
handled with care. It is soluble in acids, particularly 
warm nitric acid, in which it dissolves with a strong 
effervescent fizz. The acid test is a useful means of 
distinguishing cerussite from anglesite. Although these 
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Cerussite occurs in the oxidised zones of lead veins. 
It is a secondary mineral which often forms through 
alterations to parts of pre-existent galena deposits. 
It is found in close association with several other 
secondary lead-bearing minerals as well as with 
galena itself. 

Some of the most striking specimens of cerussite 
have been found in the following places: Broken Hill, 
New South Wales (Australia); the Czech Republic; 
Sardinia (Italy); central Kazakhstan; Tsuneb (Namibia); 
Siberia (Russia); and Tunisia. 

The USA has many cerussite deposits. Specimens 
- from New Mexico are highly regarded for their size 

and clarity, but the most valuable come from the 
Mammoth Mine in Pinal County, Arizona. These 
crystals display chatoyancy, a distinctive and sought- 
after lighting effect that resembles the slit pupil of a 
cat's eye. Cerussite has also been found near Leadville 
in Colorado and at Phoenixville in Pennsylvania. 

Cerussite occurs in the British Isles, notably at 
Leadhills in the Strathclyde region of Scotland. 


Industrial mineral 


two minerals are quite different chemically — cerussite A4 Needle-shaped (acicular) crystals of cerussite on a 

is a lead sulphate while anglesite is lead carbonate — base of brown goethite. This specimen was extracted 

they are often found in close association and take on from a mine near Cagliari in Sardinia (Italy). 

similar external appearances. [.] 
Cerussite may also be found in association with v These beautiful crystals of cerussite have grown 

the lead-bearing minerals galena and pyromorphite together in the phenomenon known as twinning 

as well as with smithsonite and sphalerite, two (Tsuneb, Namibia). 


compounds of zinc. 


Fluorescence 
Cerussite may contain various impurities, and some of 
these may cause certain specimens of the mineral to 
display a light yellow fluorescence when they are 
viewed under ultraviolet light. 

This effect can be striking and beautiful, but it 
is not a reliable clue to identification of the mineral 
because the lookalike anglesite may also fluoresce with 
an identical colour. 


FACT FILE ‘ 


CERUSSITE 


Group: Carbonates 


Crystal system: Orthorhombic 
Chemical formula: PbCO; 
Hardness: 3-37 

Density: 6.4—6.6 

Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Colourless, white, blue, green, grey 
Streak: White 
Lustre: Adamantine 


Fluorescence: Sometimes light yellow 
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ariscite 


Variscite is a widespread 
mineral, but crystals of 
it are extremely rare. 
For this reason they 
are eagerly sought after 
bi collectors. Variscite usually occurs 
as irregular masses, or in rounded 
concretionary specimens. It is quite soft 
and so of little ornamental value. 


ariscite is pale green to emerald green 
\ J in colour. It is an attractive mineral 

and its crystals are sometimes mistaken 
for, or passed off as, more valuable green 
minerals. It is named after Variscia, which 
was the medieval Latin name for the Voigtland 
district of Saxony (now part of Messbach in 
Germany), where it was first identified in the 
19th century. 

Variscite crystals are very rare. When they 
do occur they have a pseudo-octahedral habit. 
The mineral crystallises in the orthorhombic 
crystal system. It has water of crystallisation 
attached to its chemical structure, which means 
that it is a hydrated mineral. 

Variscite is closely related to metavariscite, 
which has the same chemical composition but 
a different crystal structure. Metavariscite is 
classified in the monoclinic system. 


FACT FILE 
VARISCITE 


Group: Phosphates 

Crystal system: Orthorhombic 
Chemical formula: AIPO,.2H;0 
Hardness: 34-44 

Density: 2.8 

Cleavage: Perfect 

Fracture: Uneven, conchoidal 
Colour: Shades of green 
Streak: White 

Lustre: Vitreous, waxy or dull 


Fluorescence: None 


/ 


É 
£ 
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A A massive (shapeless) pale green specimen of 
variscite in a rock matrix (base). 


Ornamental beads 

Variscite can be very attractive and it is sometimes used 
to make ornamental beads and necklaces. However, 
this is unusual, mainly because most specimens are too 
soft to be used in jewellery. Another problem is that 
the crystals are sensitive to heat and may lose their 
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m uM distinctive green colour when they 
o | : are polished. 
c Variscite is a member of the phosphate group of Variscite is porous and this means that it will 
= minerals and so is related to apatite, turquoise, absorb any fats or alcohols with which it comes into 
E . wavellite, vivianite, monazite, autunite and contact. If this happens, it will adversely affect the | 
O | torbernite. These are minerals in which metallic mineral's colour. | 
G . elements combine with phosphorus and oxygen 
o |. (PO). Phosphates are generally quite rare minerals. Treatment 
Q Variscite is known by its pale green colour and Specimens of variscite should be cleaned only with a 
® rather shapeless habit. It is a relatively soft mineral, clean cloth wrung out in cold distilled water, and then 
o at 3% to 4% on the Mohs Scale of hardness, and left on a dry absorbent cloth until they are completely 
va cannot be scratched by a coin, although a penknife dry. Never use ultrasound, any cleaning agent or 
= blade will mark a specimen. steam, and never immerse a specimen in water. 
It is too soft to withstand — 
the wear and tear of i JM pw "d MO eon 7 Y A polished specimen 


daily use, and so, even f 3 "xg of variscite. 
though it is an c mari E 
| attractive mineral, 
. itis rarely used 
| for personal 
ornamentation. 

Variscite is not 
very heavy - Its 
density of 2.8 is just 
slightly above the 
average for the rocks and 
minerals making up the 
Earth's crust. 

Variscite has a dull 
to waxy lustre (sheen) 
and can be transparent 
or translucent. 
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Variscite is a secondary mineral that forms when 
aluminium-bearing rocks are altered by the action of 
water containing phosphate materials. Many deposits 
are found as encrustations on rock surfaces and in 
fractures in rocks. 

The finest variscite has been discovered in the USA, 
especially at Ely (Nevada) and Fairfield (Utah). There 
are further significant deposits in the states of 
Arizona and California. 


In other parts of the world, important occurrences 
of variscite have been found in mines in the following 
locations: Australia, Austria, Brazil, England, France, 
Germany and Poland. 

Variscite crystals found in Queensland, Australia, 
were mistakenly and misleadingly named 'Australian 
turquoise'. 


<4 A specimen of variscite after polishing (Utah, 
USA). Note the waxy lustre (sheen). 
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Colemanite 


Colemanite is an important 
source of boron, which has a 
wide range of industrial uses. 
Boron compounds are used in fluxes, 
detergents, flares and glass ovenware, and 
it even has a town in the USA named after it! 


olemanite is a colourless or white mineral that 
is a member of the borate group. It forms 


small, richly faceted crystals that are often 


prismatic in habit. Crystals with complicated faces are 


the most sought after by collectors. 


At the end of the 19th century, enormous borate p” i 


deposits were found all over the deserts of 


California, USA. Mines opened to exploit this 


newly discovered mineral wealth, and towns 
quickly grew up around them — appropriately 
enough, one of these was named Boron. 
Colemanite was first discovered in Death 
Valley, California and named after William T. 


Coleman (1824—1893), the owner of the mine 


where it was first found. 


Boron 


Boron is a dark, powdery metallic element that is never 


found on its own in nature — it is always part of a 


compound with other chemical elements. 


Apart from colemanite, the other main sources of 


boron are the borates kernite, borax, boracite and 
ulexite. Boron was first discovered in 1808 by Sir 


Humphrey Davy in England and at about the 
same time in France by J.L. Gay-Lussac and 
L.J. Thenard. 

Boron is very heat-resistant and only 
melts at 2300°C. For this reason it is used to 
manufacture glass for chemical apparatus 
that needs to withstand great heat and for 
ovenware like Pyrex. Pyrex is the trade name 
of various borosilicates that have great 
resistance to heat — this is known, in scientific 
terms, as a low co-efficient of expansion. 

Some boron salts (perborates) are used 
in the preparation of high-energy fuel for 
missiles and in various high-resistance 
alloys. Perborates may be used as detergents 
(especially in laundry pre-soaks) and as 
whiteners. Perborates are also contained in 
many personal deodorant sprays and roll-ons. 


A A specimen of colemanite 
from Kestelek, Turkey. 


CHARACTERISTICS 


Colemanite is a borate, part of a group that currently contains 
over one hundred minerals including kernite and ulexite. 
Chemically, colemanite is hydrated calcium borate, and about 
16 per cent of its total mass is made up of the element boron. 
Colemanite crystals are white, greyish, yellowish, or 
nearly colourless and they belong to the monoclinic system 
of crystal symmetry. 
Colemanite is fairly soft - it registers 44 on the Mohs 
Scale of hardness - and can be scratched easily with a knife. 
It has lower than average density (at 2.4) and perfect cleavage. 
Colemanite may be grey, milky white or yellow but its 
streak is always white. It has a vitreous lustre (glassy sheen) 
that may sometimes tend towards a diamond-like (adamantine) 
appearance. 


Industrial mineral 


Tests 

One test for colemanite is that it is soluble in 
hydrochloric acid. Another is that it melts quite 
easily when held over a flame and the boron it 
contains colours the flame yellowish green (this 
property of boron gives it another industrial use 
in the manufacture of green flares). 

Boron can be isolated from colemanite by a 
process called vapour-phase reduction. This is a 
process in which hydrogen gas is passed over the 
mineral on electrically-heated filaments. 


Colemenite and realgar 

In certain locations, particularly in Turkey, crystals of 
colemanite are sometimes found attached to elongated 
red crystals of realgar, a mineral that is useful in 
industry because it is an important source of arsenic. 
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COLEMANITE 


Group: Borates 


Crystal system: Monoclinic 
Chemical formula: Ca;B0;,.5H;0 
Hardness: 47 

Density: 2.4 

Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: Colourless, white, grey, yellowish 
Streak: White 
Lustre: Vitreous to adamantine 


Fluorescence: Absent 
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Colemanite is a secondary mineral that is found either 
in deposits that have been formed by outpourings of 
volcanic gas and volcanic hot springs, or in dried-up 
lakes of borate salts in arid desert-like regions. 

Arid regions such as these are called 'playas' 
(from playa, the Spanish word for ‘beach’), and here 
the borate salts form strata that are sometimes 
several metres thick. 


Colemanite is found in Death Valley - particularly in 
the Thompson Mine there - and in various other parts 
of California. It is also found in Nevada, USA; in Jujuy 
Province, Argentina; around Inder in Kazakhstan; and 
in Bursa and Bigadic in Turkey. 


A Colemanite from Death Valley, California, USA. 


A 4 Greyish crystals of colemanite surrounding orange 
pararealgar - which forms through the action of sunlight 
on photosensitive realgar. 


4 Colemanite on E] 


crystals of celestine 
from Billie Mine, 
Inyo County, 
California, USA. 
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Diamond is the hardest naturally 
occurring mineral. It is the most prized 
gemstone of all and is also used in 

industry for cutting and polishing. 


iamond is the hardest material known to FACT FILE 

Man. Diamonds that are pure, transparent, 

colourless or with just a delicate pastel tint DIAMOND 
are the most precious gemstones and are used in 
jewellery and other ornamentation. Poorer specimens meu umewag erm 
of natural diamond are used in industry for drilling Dastcsl temer C 


and polishing. Hardness: 10 
Density: 3.31-3.52 
Cut and carat Cleavage: Perfect 
Diamonds are graded both before and after cutting Fracture: Conchoidal 
according to ‘the four Cs — clarity, colour, cut and Colour: Colourless (but may also be white, blue, brown, 


carat. Carat is the unit of weight measurement used green, grey, orange, pink, red, yellow or even black) 
Streak: White 


Group: Native elements 


CHARACTERISTICS | Lustre: Adamantine: uncut crystals look greasy 


Fluorescence: Blue, pink, yellow or green 


Diamond is a form of the native element carbon. It 
registers 10 on the Mohs Scale of hardness, and can 
only be scratched by other diamonds - this is the test 
of authentic diamond. 
Its crystals belong to the cubic system: they v Brilliant cut diamonds. 
usually form in eight-sided shapes with rounded 
edges and slightly convex faces, but may also be 
cubes with curved faces. Because the carbon atoms 
are so uniformly arranged, diamond crystals tend to 
be very strong. Inferior diamonds with more rounded 
shapes are called bort and carbonado ('black 
diamond’): these are used industrially for cutting 
and drilling. 
Although the most popular diamonds are 
colourless, they can also take on a wide range of 
different colours depending on impurities - they may 
be white, black, blue, brown, green, grey, orange, 
pink, red or yellow. Regardless of colour, a diamond 
always has a white streak. Because diamond is pure 
carbon, when it is heated it burns and produces 
carbon dioxide gas. 
Although it is the hardest mineral known, this 
does not mean that diamond is shatterproof - a 
decisive blow can smash it. In fact, diamonds are 
fragile and have an easy cleavage. Diamonds have an 
adamantine (sparkling) lustre and are fluorescent 
when they are placed under ultraviolet rays. 


A Diamonds mounted in 'night' (i.e. with the underside 
hidden) on a Maltese Cross. 


Precious stone 


for diamonds and some other precious 
gemstones. It used to be variously 
defined by different authorities, but 

it is now standardised at 0.2 grams. 
The best quality diamonds are called 
‘finest white’ or ‘river’ depending 

on the country in which the grading 
takes place. 

The value of a diamond increases 
in proportion to its lack of colour 
and impurities. It is always cut with 
diamond cutters — no other material 


will make an impression on it. If it is A A brilliant cut diamond. A A diamond in drop cut. 


well cut, the diamond will show what 
is known as its fire — coloured lights caused by the 
dispersion of white light inside the gemstone. 
A gemstone that has been badly cut must be 
retouched in order to achieve the desired effect 
— and the consequent loss of weight translates 
into a loss of value. For further information 
about the different diamond cuts — especially 
the brilliant — see Discovery 9 and 11. 


Industrial uses 
The main industrial use of diamond is as a cutting 


and drilling tool — this is simply because it is so hard it 


can cut anything. Diamonds used to be used in very 
high-quality hi-fi needles, and diamond knives are 
used by surgeons to cut thin sections of human tissue 
for examination under electron microscopes. Man- 
made (synthetic) diamonds have been produced since 
1955 and are widely used in industry. 


Famous gems 
Diamonds were first discovered at Golconda in India, 
and all the most famous examples came from that 


> A raw diamond extracted 
from a mine in Alexander 
Bay, Namibia. 


v Two raw diamonds. The 
larger example weighs 90 
carats (18 grams); the smaller 
is 55 carats (11 grams). 


4 Diamonds set in a carved life mask. 


country. Among these is the blue Hope 

diamond, which weighs 45.52 carats and 

is housed in the Smithsonian Institution 

in Washington DC, USA. The Regent 
diamond (140.50ct) and the Sancy (55ct) 
were owned by King Louis XIV of France 
and are now exhibited in the Louvre in Paris. 
The Koh-i-Noor diamond — the name means 
"Mountain of Light in Persian — weighs 

108.93ct and is a part of the British Crown 

Jewels. The largest diamonds ever found come from 
South Africa. The Cullinan diamond (3106ct) came 
from the Premier Mine near Pretoria. From it the 
530.20ct Star of Africa diamond was cut — this too 
forms part of the British Crown Jewels. 


ORIGINS and DISTRIBUTION (4 as" 


Diamonds occur in many locations throughout the 
world, but they are found mostly in kimberlite, a 
volcanic igneous rock which 
gets its name from Kimberley 
in South Africa where it was 
first discovered in the 19th 
century. Kimberlite forms 
pipe-like intrusions that have 
risen from depths of over 
100km during volcanic 
upheavals. Before kimberlite 
was found, most diamonds 
came from alluvial deposits 
(mainly river and beach gravels). The African continent 
still produces most of the world’s diamonds. 

Diamonds were first discovered in India in ancient 
times. In 1725 further deposits were discovered in 
Brazil and then in 1867 in South Africa. 

In the 1850s large quantities were found in Siberia, 
where the Mir pipe is still one of the largest diamond 
deposits in the world, and in the 1970s in Australia. 

Today there are also workable deposits in Angola, 
Botswana, Brazil, Ghana, Guinea, Namibia, Russia, 
Sierra Leone, Tanzania and Venezuela. 
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Twinning 
Many minerals show the phenomenon known as twinning. This occurs when 
two or more crystals grow together and share a common crystal surface. 
Twinning may be simple with two crystals growing together, as in the 
case of two fluorite cubes, or very 
complex, where many 


crystals are joined as in the 
plagioclase feldspars. 


here are two main forms of twinning. In one 
form, the crystals look as if they have been 
joined together edgeways: these are known as 
contact twins. 
Other twinned crystals may seem to penetrate each 
other: these are said to be penetration twins. 
Although it is quite easy to describe the most 
basic forms of twinning, the habits of many crystal 
groups can be enormously complicated. For example, 
twinned crystals are often found joined together in 
recurring patterns in which it is almost impossible to 
say where one crystal begins and another ends. The 
complex shapes that occur in these cases are called 
multiple twins. 


The feldspars 

The feldspars are a group of silicate minerals that 
occur very commonly in igneous rocks. Orthoclase 
feldspar, which is a silicate of potassium and 
aluminium, forms as tabular monoclinic crystals. 
These are frequently twinned with two similar crystals 


A A twinned crystal of cassiterite. This mineral is 
one of the main industrial ores of tin, and is 
also known as tinstone. 


4 Twinned crystals of albite. When albite twins form in 
thin sheets, they are often curved. 


being joined back to back. This is easy to see in hand 
specimens, and is a good identification feature for this 


type of feldspar. 


Plagioclase feldspars 

Plagioclase feldspars are very different. These 

silicates form a series of minerals with albite — 
sodium aluminium silicate — at one end and anorthite 
— calcium aluminium silicate — at the other end of 
the series. These feldspars have complex twinning 
with many thin crystals joined to give a lamellar 
appearance, making this feature a good distinction 
from the orthoclase feldspars. 


< Twinned crystals of 
orthoclase feldspar. 


Diagrams 
showing 
various forms 
of twinning: 


» Twinned 
cassiterite. 


Thin crystal layers 
Among the many other possible forms of twinning, 
there may be swallowtail or butterfly shapes. If the 
individual crystals are very thin, they may join 
together in layers called lamellae. 

Many minerals appear as twinned crystal shapes. 
Among the best known and widely 


occurring examples are the following. 


Native elements 
Gold does not often form in crystals. 
On the rare occasions that it does, 
its crystals are usually cube-shaped, 
but when they are eight-sided 
(octahedral), twinning is common. 
Copper usually forms as long 
wires, or in irregular strands and 
wires. It can form as cubic or 
octahedral crystals and these are 
frequently twinned, showing 
penetration twins with two 
octahedral crystals interlocking. 
Even diamonds are often twinned. 
The effect may be seen on eight-sided 
(octahedral) specimens. 


Bornite 

Bornite is also known as peacock ore because of its 
bright, iridescent blue, purple and red colours. It is 

a sulphide of copper and iron which forms crystals 
belonging to the cubic system of symmetry: their basic 
shape resembles that of dice. There may, in addition, 
be eight-sided or 12-sided (dodecahedral) crystals, and 
the last named are often twinned. 


Pyrite 

Pyrite is made up of iron and sulphur. Its 

crystals are all basically cubic, but they may 

take on a wide range of external forms. Twinning 

is common, and when it occurs the crystals sometimes 
penetrate each other. 


< Twinned pyrite. 


4 Twinned 
staurolite 
crystals in 
the shape 
of a cross. 


Among the better known minerals which 


commonly exhibit twinning are: 


amblygonite 
aragonite 
arsenopyrite 
atacamite 
bournonite 
calcite 
cerussite 
chalcopyrite 
chalcosine 
chrysoberyl 
cinnabar 
cordierite 
corundum 


cryolite 
fluorite 
galena 
gibbsite 
gypsum 
magnetite 
malachite 
marcasite 
monazite 
orthoclase 
feldspar 
plagioclase 
feldspar 


polyhalite 
proustite 
pyrargyrite 
rutile 
scheelite 
sphalerite 
staurolite 
titanite 
witherite 
wollastonite 
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Before attempting to clean your specimens, it is essential 
to know which cleaning agents will improve their appearance and which will cause 
damage. Here are some more hints. 


Some of the cleaning methods mentioned in this 
article involve the use of corrosive liquids. Never attempt to use any 
acid, alcohol or caustic soda without adult supervision. 


ents 

Many amateur mineral collections contain at least one 
native element, and one of the commonest is copper. 
This metal is easily attacked by acids, so it should be 
cleaned only with water. Although water may create 

a surface layer (patina) of green or blue verdigris, 

this can be removed with a very dilute solution of 
caustic soda. 


Sulphides 
Most mineralogists have specimens of pyrite. This is a 
sulphide of iron which, if kept in damp surroundings, 


may combine with water to form sulphuric acid. To 
prevent this, pyrite should be cleaned with a dry cloth. 
Sphalerite may develop a white patina which can be 
removed by rubbing with a cloth dipped in alcohol. 


Li ^lifriac 
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Among the halides are halite (rock salt) and fluorite. 


Halite is soluble in water and therefore should normally 


be cleaned only with a dry cloth or with alcohol. 

Normal dust is easy to remove from fluorite because 
it cannot be damaged by water; iron stains can be 
removed with oxalic acid. 


< An ultrasound 
chamber. 

This highly 
sophisticated 
piece of 
equipment emits 
sound waves with 
frequencies above 
the range that can 
normally be heard 
by the human ear. 
The vibrations 
thus created can 
clean a wide 
range of minerals 
and gemstones, 
but should not be 
used on fragile 
specimens, 
especially those 
with pronounced 
and easy 
cleavage. 
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This pyrite has lost its golden sheen 
through exposure to damp conditions. 


Sphalerite from Cumbria, England. The 
white efflorescence can be removed by 
rubbing the surface with alcohol. 


Copper from Lake Superior, Canada. 
Specimens of this native metallic element 
can be cleaned with water. 


Magnetite will rust if it comes into contact with water, 
and should therefore be cleaned only with a dry cloth. 


The commonest carbonates, such as calcite, dolomite 
and rhodochrosite, can only be cleaned with distilled 
water because they will dissolve in acids. 


Barite and celestine are robust and will withstand 
normal methods of cleaning, such as washing with 
detergent. 

However, because of their easy cleavage, you 
should not attempt to use ultrasound to clean them. 


Many mineralogists have specimens of apatite in their 
collections. This mineral can be cleaned effectively 
with distilled water. 

Turquoise is another phosphate. It should be 
cleaned with distilled water, and care should be taken 
to avoid any contact with grease. 


Silicates are usually quite easy to clean because they are 
insoluble in water. Care must be taken with topaz and 
feldspar however, because, when they are subjected to 
pressure, they split off easily along their structural 
lines. This means that they should not be treated 

with ultrasound. 


On the emer 
trail: Chile 


Chile occupies an area of 756,626 sq. km 
in southwest South America. It is 4650km 
long from north to south but only 430km 
at its widest point. Chile's economy is 
based on its mineral wealth and the 
country is one of the world's leading 


i | Chuquicamata 
P 


aen | *7-| exporters of copper. 


here are three different types of physical 
landscape in Chile. First, there are the Andes 
Mountains, which stretch along the border 
with Argentina and Bolivia. Second, a structural 
depression, the Central Valley, is divided into a string 
of basins by the mountain spurs of the Andes. Third, 
there are a series of 
plateaux which end in 
steep cliffs running along 
the Pacific coast. 


Copper 
At first the copper 
industry depended on 
small-vein mines of 
Ri high-grade ore widely 
»cepción — distributed in the coastal 
H ranges and in the Andes of northern and central Chile. 
Large-scale copper production began at the end of the 
19th century when the first reverberatory furnaces 
were built, making possible the smelting of sulphide 
ores. During the First and Second World Wars, 
demand for copper increased and technical 
Pacific innovations made possible the use of lower-grade 
pet deposits. As a result of this, the industry grew rapidly. 
In 1988 copper production reached approximately 
enn 1.5 million tonnes, or about 21 per cent of total 
world production. A remarkable fact is that about 
20 per cent of world copper reserves is contained 
in Chile's three principal mines: Chuquicamata and 
El Salvador in the north, and El Teniente near the 
capital, Santiago. 
The El Teniente copper mine occupies an unusual 
site on the steep outer slope of an old volcanic mass. 
Access is difficult and there is so little flat land that 
MAJOR = " . . 
ze MINERAL °_ SSS mine waste must be carried away for dumping. In the 
latter years of the 20th century major new extensions 
were made to this highly productive mine. 


Natural resources 
As well as copper, Chile produces materials such as 
nitrate, iron ore, manganese, lead, zinc, molybdenum, 
tungsten and aluminium. 

In the 19th century, nitrate was easily the 
most important Chilean natural resource. It is less 
important today due to the introduction in advanced 
industrial countries of bulk production methods for 
ammonia. Nonetheless, nitrate production continues 
in a long strip of the Atacama Desert that includes 
the northern provinces of Tarapaca, Antofagasta and 
Atacama. Most of Chiles nitrate is produced in three 
plants: Pedro de Valdivia, Maria Elena and Victoria. 
As well as iodine, Chile produces nitrate of potash, 
sulphate of soda and common salt — all of which are 
by-products of nitrate. 

After copper, iron is the most important industrial 
resource in Chile. The main deposits of high-grade (61 
per cent metal content) iron ore are at El Tofo near La 


Y An opencast copper mine at Chuquicamata. 


4The copper-bearing mountains of Chile. 


Serena in the province of Coquimbo. 
The related steel manufacturing 
industry is based at Huachipato, near 
Concepción. In 1988 the production 
of steel was 900,000 tonnes, while the 
production of iron ore reached 7.8 
million tonnes. 

Important sources of energy are 
increasingly being tapped in the form 
of coal and oil. Coal is mined chiefly in 
the southern part of Chile. When oil 
and natural gas production fell in the 
19805, coal production became more 
important. By 1987 it had reached 
1.75 million tonnes per annum. The only lignite 
deposit in South America may also be found in 
Chiles Lebu peninsula. The country's small 
petroleum deposits produce only about a quarter of 
domestic needs but the oil fields of Tierra del Fuego 
continue to be profitably exploited. 


The Atacama Desert 
This arid and forbidding yet mineral-rich region of 
northern Chile, about 1000km long, rises from the 
Pacific Ocean and ascends the western slopes of the 
Andes. Port towns such as Iquique, Tocopilla and 
Antofagasta serve as rail outlets for mining centres. 
Sodium chloride, iodine and sodium nitrate are 
extracted from the saline deposits called ‘caliche’ 
(a grey, rock-like substance) which are brought down 
from the Andes by rivers that empty into ancient 
basin lakes. The Atacama Desert contains the world’s 
largest known reserves of sodium nitrate, which was 
manufactured into explosive powder and fertiliser 
throughout the 19th century. 
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Niccolite — industrial 
mineral 


Uraninite — source of 
uranium 
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A A single hexagonal crystal of vanadinite on a 
botryoidal matrix (base). 
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Vanadinite is a member of the vanadate group of 
minerals. Each molecule contains the chemical 
| elements lead, vanadium, oxygen and chlorine. 
Crystals of vanadinite conform to the hexagonal 
system of symmetry. This internal structure is often 
clearly reflected in the external shape of the crystals, 
although they may sometimes also appear in slender 
prismatic forms. 
Vanadinite is a heavy mineral, weighing 
approximately seven times more than the equivalent 
volume of water. 
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Industrial mineral 


History of vanadium 

Vanadium was first discovered in 1801 by the Spanish 
mineralogist Andrés Manuel del Rio, who named it 
erythronium. Not long afterwards, however, he came 
to believe (or allowed himself to be convinced) that it 
was not a new element after all, but merely an impure 
form of chromium. 

Vanadium was rediscovered in 1830 by Nils 
Gabriel Sefstróm, a Swedish chemist who gave it its 
present name. The element was first isolated in 1867 
by the English chemist Henry Enfield Roscoe. 


Uses of vanadium 

Vanadium is used in a large number of alloy steels and 
to make high-speed drills and other similar tools. It is 
also important because it is a material that facilitates 
and accelerates various chemical reactions without 
itself taking part in them: such materials are known 

as catalysts. 


Tests and treatment 

The colour of vanadinite is a very important clue to its 
identity because both its shape and density are similar 
to mimetite and pyromorphite. 

Vanadinite melts (fuses) easily when held over an 
open flame. It dissolves in nitric acid: if the resulting 
liquid is left to evaporate, a red residue will be left 
behind. In this respect, it is unlike similar minerals 
which leave a white deposit when treated in the 
same way. 

Specimens of vanadinite should be cleaned only 
with distilled water because impurities in tap water 
may damage the appearance of the mineral. 


VANADINITE 


Group: Vanadates 


FACT FILE © 


Crystal system: Hexagonal 


Chemical formula: Pb4(VO,).CI 


Hardness: 3 


Density: 6.8—6.9 


Cleavage: Absent 


Fracture: Conchoidal to uneven 


Colour: Red, orange, brown, yellow 


Streak: Yellowish or white 


Lustre: Resinous to adamantine 


Fluorescence: None 


4 Y The photographs on this 
page show vanadinite from 
Morocco. Crystals of this 
mineral sometimes grow to 
more than 5cm in length. 


ORIGINS and DISTRIBUTION 


Vanadinite is rare and forms as the result of 
chemical alterations to a pre-existent material. It is 
therefore known as a secondary mineral. It occurs 
only in parts of lead ore deposits that have been 
altered by the oxygen in other surrounding 
materials, particularly air and water. (These 

areas are called oxidation zones.) It is usually 
found in association with the lead-bearing 


mineral galena. 

The most important deposits of vanadinite are 
found in the following countries: Argentina, Austria, 
Mexico, Morocco, Russia and Namibia. In the USA, 
this mineral is mined in several states, including 
Arizona, Colorado and New Mexico. 


Niccolite 


Also known as 
nickeline, niccolite is 
a source of nickel, 
although it is not 
very common. 


iccolite is pale copper red, a coloration 
that led mineralogists in che Middle 
Ages to the conclusion that 

it contained copper. But it proved 

impossible to extract any copper from 

the mineral. It was not until 1751 that 

a previously unknown metal, named 

nickel, was discovered in this mineral 

by Swedish chemist A.E.Cronstedt. 

Thus it became clear that copper 

could not be isolated from 

niccolite because there was no 

copper in it. The Germans 

called it &upfernickel, 

meaning copper nickel, 

a name which is still 

sometimes used for 

niccolite today. 


Uses of nickel 

Nickel is a silvery metallic 

element which is principally 

found in the minerals garnierite, 
pentlandite, millerite and niccolite. 

It also comprises up to 20 per cent of 
iron meteorites. 


NICCOLITE 


Group: Arsenides 


Crystal system: Trigonal 


Chemical formula: NiAs 


Hardness: 5-57 
Density: 7.7-7.8 


Cleavage: None 


Fracture: Uneven 


Colour: Pale copper-red 


Streak: Pale brownish black 


Lustre: Metallic 


Fluorescence: None 


m3 


4 The green 
coloration of this 
niccolite is caused 
by a surface 
coating of 
annabergite 
(nickel bloom). 


Together with chromium, nickel is the chief 
additive used in the manufacture of stainless steel. 
Nickel is usually applied by electrolysis to form a thin 
surface layer. 

Nickel increases steel's resistance to corrosion and 
makes it more ductile (easier to draw out into long, 
thin wires). It also makes steel impact-resistant, and 
because of this it is widely used in the manufacture of 
armour-plating. When it is combined with copper, 
nickel produces an alloy called monel, which is highly 
resistant to corrosion by seawater and is used to make 
ships propellers. Another alloy, mumetal, comprising 
78 per cent nickel, 17 per cent iron and 5 per cent 
copper, is used in the cores of electrical transformers. 


Industrial mineral 


CTERISTICS «=| 
Niccolite is a member of the arsenide 
group of minerals. It is made up of one 
atom of nickel joined to one atom of 
arsenic. 

The arsenic in niccolite is sometimes 
partly replaced by antimony, another 
metallic element. If antimony takes over 
from arsenic completely, the mineral is 
then known by a new name, breithauptite. | 
| Crystals of niccolite are rare and most 
| specimens of this mineral occur as | 

shapeless specimens, in kidney-shaped | 
(reniform) masses or in columns. The 
crystals belong to the trigonal system of 
symmetry and are prisms with pyramids at 
both ends. 

Niccolite may also alter to annabergite, 
| a green mineral sometimes known as 
| nickel bloom. 


Mond process 

Nickel is usually extracted from niccolite 
and other ores by roasting. This method was 
developed by the German-British chemist 
Ludwig Mond (1839-1909), whose name 
the process bears. First the mineral is 
reduced to nickel oxide by heating. This 
is then reheated in a stream of carbon 
monoxide gas at 50°—60°C to produce 
nickel carbonyl, a volatile liquid which 
decomposes at about 180°C and leaves a 
residue of 99.95 per cent pure nickel. 


A A massive formation (Cagliari, Sardinia, Italy). 


Crystals of niccolite are rare, and the photographs on this page 
show two typical non-crystalline specimens of the mineral. 


A A small nodule of niccolite (Como, Italy). 


Niccolite is typically found in rocks that originally 
formed through igneous activity deep in the Earth's 
crust, especially in gabbro and norite. 
formations, niccolite is commonly found 
in association with chalcopyrite, pyrrhotine and 
various nickel sulphides. When it occurs in 
hydrothermal veins (areas of rock that have been 
altered | ie action of hot water), niccolite is found 
close to minerals containing silver, silver-arsenic and 
cobalt compounds 1 s 
Niccolite is sometimes extracted in huge lumps 
weighing several hundred kilograms, but more often 
& occurs ig small, compact masses or sand-like grains. 
^! «Some of.the most significant deposits of. niccolite 
have been found in the following locatiónss Styria 
(Austr13): Cobalt and Sudbury, Ontario (Canada): 
Saxony and Thuringia (Germany); Anarak (iran); Cagliari 
and Lombardy (Italy); and Bou Azzer (Morocco)-in.the 
USA, niccolite is mined on an industrial scale for its 
nickel content at Franklin, New Jersey. 


Tridymite is a variety of 
silicon dioxide, and a 
close relative of the 
mineral quartz. The 
differences and similarities between 
this and other forms of the same 
basic chemical substance are of 
great interest to scientists. 


ridymite is usually white but some specimens 
may be colourless. Its name derives from Greek 
and refers to the fact that its crystals almost 
always occur in three-fold twinnings. 
Silicon dioxide is a material which may take 
several physical forms. The scientific term for this 
phenomenon is polymorphism. Minerals that have the 


| joined to two atoms of oxygen. 


| structure of tridymite crystals. They probably 


Tridymite is a member of the oxide group of minerals. 
Every molecule is made up of one atom of silicon 


There is still some uncertainty about the exact 


belong to the common monoclinic system of 
symmetry in which no crystallographic axis is the 
same length as any other. However, many specimens 
are hexagonal in appearance. Many of the crystals are 
joined together in groups of three in the process 
known as twinning. 

Tridymite has a glassy sheen (vitreous lustre) 
which is sometimes pearly at the base of the 
crystal. It is quite a hard mineral and has no 
cleavage. Despite this, it is very brittle and 
fractures easily. 


same chemical composition but 
can take on a variety of structures 
and appearances are known as 
polymorphs (see Discovery 55). 

Silicon dioxide has several 
polymorphs: no matter how different 
they may look, they are all made 
up of the two chemical elements 
silicon and oxygen. Among these 
polymorphs are coesite (which 
forms under high pressure) and the 
microcrystalline chalcedony, a form 
of quartz. 


Determined by heat 

The main crystalline polymorphs 
of silicon dioxide are quartz, 
tridymite and cristobalite. The 
exact composition of each mineral 
was originally determined by the 
temperature at which it was formed, 
and may subsequently be altered 

by reheating. 

Quartz itself, for example, has 
two forms: low quartz (which is 
stable at up to 573°C) and high 
quartz (which forms at 573°—870°C). 


4 Pseudo-hexagonal crystals 
of tridymite. 
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Rare mineral. 


MINERALS 


ORIGINS and DISTRIBUTION (% 4 


TRIDYMITE Tridymite is found in the cavities of certain volcanic 
Group: Oxides rocks. It starts as a gas and then turns directly into 
Crystal system: Monoclinic solid form without going through the normal 
Chemical formula: SiO; intermediate liquid stage. The scientific term for 
Hardness: 7 this process is sublimation. 

Density: 2.26 In geological terms tridymite is found in rocks 
Cleavage: None belonging to the Tertiary System or younger. This 
Fracture: Conchoidal means that it is a young mineral which formed less 
Colour: White or colourless than 65 million years ago. 


Streak: White Notable specimens of tridymite have been found 
Lustre: Vitreous to pearly in the following locations: Puy-de-Dôme (France), 
Fluorescence: None Eifel (Germany), Padua (Italy) and Pachuca (Mexico). 


Both low and high quartz have crystals belonging to 
the hexagonal system of symmetry. 

At temperatures above 870?C, high quartz is 
converted to tridymite and this mineral remains stable 
up to 1470?C, after which silicon dioxide takes the 
form of cristobalite, which has cubic crystals. 


Group identity 

In the Fact Files in Treasures of the Earth all the 
different forms of silica are classified as part of the 
oxide group of minerals. Nevertheless, their general 
structure means that they are also closely allied with 
the silicate group and a case can be made for their 
inclusion in either category. 


> Black crystals of osumilite on a tridymite base 
(Cagliari, Sardinia, Italy). 


v A specimen of rhyolite, a volcanic rock in 
which tridymite often occurs as minute flakes 
and crystals (north Wales). 


Uraninite 


Uraninite is very valuable 

because it is the chief 

ore of uranium, a 

radioactive element 

that is used in nuclear 
reactors and nuclear weapons. 


ecause uraninite is radioactive, it is a highly 
B dangerous mineral and should not be handled 

under any circumstances. It is NOT suitable for 
collection by amateur mineralogists. 

Uraninite is black or brownish black in colour. 
When it has a massive (shapeless) habit it is commonly 
known as pitchblende. It is the most important source 
not only of uranium but also of radium. Both these 
elements are important in scientific research and in 
industry. Uraninite is radioactive and specimens have 
to be stored and handled with great care because they 
release deadly radiation. 

Germans in the early 18th century knew uraninite 
as T'echblende meaning ‘false pitch’. It was not until 
1789 that German chemist Martin Heinrich Klaproth 
(1743-1817) discovered the presence within 
pitchblende of a new metal which he named uranium. 


URANINITE 


Group: Oxides 


Crystal system: Cubic 
Chemical formula: UO; 
Hardness: 5-6 
Density: 6.5-10.0 
Cleavage: Indistinct 


Fracture: Conchoidal to uneven 


Colour: Brownish black to black 


Streak: Brownish black or grey 
Lustre: Submetallic to greasy or pitch-like 
Fluorescence: None 


As the main source of this metal, pitchblende was 
subsequently referred to as uraninite. 

Even then, uraninite had not revealed all 
its secrets. In 1898 the French scientist Pierre Curie 
and his Polish-born wife Marie identified in 
pitchblende another new metal which was named 
radium. Later, Marie Curie successfully isolated the 
metal, an achievement for which she was awarded the 
1911 Nobel Prize for Chemistry. 


Uses of uranium 
Uranium is a very 
important industrial 
metal which is used as a 
source of nuclear energy 
in reactors and weaponry. 
Because uranium 
is radioactive and 
eventually breaks down 
into lead, scientists used 
to work out the exact age 
of the rocks in which it 
was found by calculating 
how long the metal 
would have taken to 
reach its current stage of 
decomposition. However, 
this system is no longer 


4 Fine cubic crystals of 
uraninite surrounded by 
yellow encrustations of 
secondary uranium 
minerals. 


| Industrial mineral 
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Uraninite is a member of the oxide group of minerals. 

| Itis an oxide of uranium. In addition to its basic 
chemical components it may also contain minute 

. quantities of helium, lead, radium, polonium and 

_ thorium. The presence of these impurities depends 

_ on the extent to which the radioactive uranium has 
decomposed. 

Crystals of uraninite belong to the cubic system of 
symmetry and are essentially dice-shaped. However, 
crystals are rare. Those that do form usually appear as 

. straightforward cubes or in eight-sided or 12-sided 

shapes. Most uraninite takes the form of grape-like 

(botryoidal) clusters or masses made up of tightly 
packed grains. 

| Massive, non-crystalline specimens of uraninite are 

. Often still referred to by the old name pitchblende. 

| These weigh between 6.5 and 8.5 times more than the 

. equivalent volume of water. Crystals of the mineral 

are usually heavier, with a specific gravity of between 

7.5 and 10. 

If a crystal of uraninite is hit with a heavy object or 
subjected to a similar form of pressure, it may break up 
along its weakest structural lines. When this happens it 
. may leave behind an external pattern which resembles 
_ the curves sometimes found on the outside of a 

seashell. This is known as conchoidal fracture. 


Y A» Black crystalline uraninite in association with 
zircon (Lake Como, Italy). Because uraninite is 
radioactive, specimens are always kept in a 
lead-lined box to avoid any possible contamination. 


in use, as more accurate systems of radiometric dating 
are available today. 


Uses of radium 
Radium is a highly radioactive metallic element 
formerly used in luminous paints and radiotherapy, 
a medical treatment in which cancerous cells are 
destroyed by bombardment with radioactive alpha and 
beta particles. 

Radium eventually decomposes into radon, a gas 
which also occurs naturally in areas underlain by 


Crystalline uraninite occurs in granite pegmatite 
rocks where it is found in association with monazite, 
tourmaline and zircon. Crusty layers of uraninite are 
found in rocks that have been altered by hot water 
(hydrothermal veins). 

Uraninite has been found in many locations. Some 
of the most important deposits occur in the following 
locations: Rum Jungle (Northern Territory, Australia); 
around the Great Bear Lake and at Wilberforce, 
Ontario (Canada); Pribram and Jachymov (Czech 
Republic); Bauzot (France); Schneeberg (Germany); 
Lake Como, Trento and Novara (Italy); Middletown, 

- Connecticut and Mitchell, North Carolina (USA) and 
Shaba Province (Dem. Rep. of the Congo). 


granite. Radon, too, is sometimes used in 
radiotherapy treatment. 


Tests and treatment 
The exact composition of uraninite specimens is very 
variable and depends on the extent to which they have e 
decomposed when they are discovered. Uraninite does A 
not melt when heated (in scientific terms, it is said to 
be infusible). 

Although it dissolves slowly in nitric acid, 
uraninite is insoluble in hydrochloric acid. 


Isomorphs and 


polymorphs 


When two or more minerals which form a solid solution series and have a differing 
chemical composition belong to the same system of crystal symmetry they 
are said to be isomorphous. Polymorphous minerals are those which have the 
same chemical composition but different physical forms. 


Isomorphism 


[somorphism is the term used 
to describe the circumstance 
when two or more chemically 
different minerals which form 
a solid solution series have 


the Same crystal symmetry 


A solid solution series is 


a series of minerals whose 
chemistry varies between 
the two end members of 
the series. This change in 
chemical composition is 
often caused by a gradual f 


all in 


temperature as crystallisation takes 


place. The olivine series of 


x iron until the other end 
silicate), crystallises. 
Halite and fluorite are 


classified as isomorphs bec: 


solid solution series. 


[n contrast, anorthite and albite are isomorphs 


of the plagioclase feldspar 


end member. As the magm: 


in the cubic system of symmetry, but they are no 


minerals, for example, has 


orsterite (magnesium silicate) as its high temperature 


olivine is formed cools, magnesium is gradually replaced 


nember, fayalite (iror 


both minerals that crystallise 


iuse they do not form a 


series. Anorthite is an 


aluminium silicate of calcium, while albite is an 


aluminium silicate of sodium. They have different 


chemical make-ups because they are formed at 


different temperatures. 


Tennantite and tetrahe 


drite are isomorphous 


members of a series of sulphide minerals which 


crystallise in the cubic system. The five other minerals 


in this series are very rare. 


Polymorphism 


Polymorphism is the term 


happens when one chemical compound element takes 


used to describe what 


on two or more different physical appearances. This 


(molten rock) from which 


is caused by variations of heat 
and pressure as the mineral 
crystallises. 
The best known example 
of polymorphism occurs in 
carbon. Carbon is a native 
element which can take 
several completely different 
physical forms. One of these 
forms is graphite, a mineral 
widely used for lubrication and 
in the so-called ‘leads’ of 
pencils. Another form of 
carbon is diamond, the world's 


hardest naturally 
occurring substance. 

The difference 
between these 
polymorphs is the way 
in which the carbon 
atoms are linked 
together inside the 
structure. In graphite, 
the atoms form in loose 
sheets which slide 
along each other quite 
easily: this creates a very 
soft mineral, which 
measures only 1—2 on 
the Mohs Scale of 


hardness. 


The photographs on 

this page show two 
polymorphs of the 
chemical element carbon. 


AA A specimen of graphite (Siberia, Russia). 


A Unrefined eight-sided diamonds. 
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Isomorphs and polymorphs 
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Diamonds, however, are formed only when great 
subterranean forces have pressed the carbon atoms very 
tightly together. It is because of this compression that 
diamonds top the Mohs Scale of hardness with the 
maximum possible score of 10. 


Titanium oxide 

Polymorphism also occurs in titanium oxide, and there 
are three naturally occurring forms of this chemical 
compound — anatase, brookite and rutile. All these 
minerals have a similar hardness, scoring between 5% 
and 6% on the Mohs Scale, but while brookite has an 
orthorhombic crystal structure, the crystals of rutile 
and anastase conform to the tetragonal system of 
symmetry. 


Calcium carbonate 

Calcite and aragonite are both polymorphs of 
calcium carbonate. Calcite conforms to the trigonal 
crystal system of symmetry, while aragonite has 
orthorhombic crystals. 


Iron sulphide 
Two common minerals, pyrite and marcasite, are both 
forms of iron sulphide. Pyrite crystallises in the cubic 
crystal system, whereas marcasite belongs to the 
orthorhombic system. 

The minerals are said to be a dimorphous pair, a 
term applied when there are only two minerals in a 
polymorphous group. 


Silver sulphide 
Acanthite and argentite are another dimorphous pair 
of minerals. They are different forms of silver sulphide, 


<A specimen of 
andradite, which is 
isomorphous with some 
other garnets. 


v Aragonite on calcite. 
Both these minerals are 
polymorphs of calcium 
carbonate. 


acanthite belonging to the monoclinic system and 
argentite being classified in the cubic crystal system 
of symmetry. 


Aluminium silicate 

When three minerals have the same chemical 
composition but different physical forms they are said 
to be trimorphous - that is, there are three minerals in 
a polymorphous group. Andalusite, cyanite and 
sillimanite are trimorphs of aluminium silicate. 


amage to specimens can occur at almost 
D any time. When the mineral is first removed 
from the ground, a misdirected blow from a 
hammer may cause a perfect crystal to split. Damage 
may also occur when dirt is removed from the surface 
of the specimen. Even crystals that have made it intact 
into a mineral collection are still not safe: the greatest 
threat to them comes from routine handling. 
Restoration of chipped mineral specimens is much 
easier than it used to be because of the advanced 
adhesive products that are now commonly available. 
Surprisingly, this is not entirely good news for 
mineral collectors because the same glues that are used 
to repair specimens can also be used to bind loose 
crystals onto rock bases. The trick can be difficult to 
detect — especially if the rock is taken from a similar 
source to that of the mineral and the joints are 
concealed under rock dust. 


THE ART OF COLLE( 


8 Repairing and faking 


No matter how much care is taken with mineralogical specimens, it is inevitable that 
sometimes accidents will happen. However, many damaged crystals can now be 
repaired: they will be less valuable, of course, because they are no longer in perfect 
condition, but they will look almost as good as new. 
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The importance of a matrix 

The faking of minerals and gems is quite a common 
practice, and mineralogists who buy their specimens 
should always be on the lookout for it. 

The reasons for this subterfuge are easy to explain, 
if not to sympathise with. Some of the most valuable 
treasures of the Earth are those that can be used in 
jewellery and other forms of ornamentation; often, the 
larger the gemstone, the greater its commercial value. 
As a result, two or more pieces of a particular gemstone 
may be glued together and passed off as a single piece. 
This has happened with many gemstones, particularly 
emeralds from Colombia, imperial topaz from Brazil, 
aquamarine from Afghanistan and pink tourmaline 
from the Italian island of Elba. 

Other pieces that are of no use as jewellery are still 
sought after by mineral collectors. Since the value of 
such specimens largely depends on the amount that is 


Y Imperial topaz from Brazil. Topaz gemstones 
may be imitated by a variety of less precious 
minerals which resemble - or can be made to 
resemble - the genuine article. Sometimes 
slivers of real topaz are stuck together to give 
the appearance of a perfect gemstone. 


? 
4 


4 Any manufactured or constructed mineral specimen is 
correctly described as an imitation; it is only a fake if it is 
passed off as genuine. This quartz geode containing crystals 
of galena would be extremely valuable if it were genuine but 
it is only an imitation. 


Repairing and faking 


A Despite their impressively natural appearance, neither of the mineral specimens in the above photographs are 
genuine. The red colours have been artificially created by the use of alum, the deep blue comes from copper 
sulphate, and the light blue and white areas are made up of boric acid crystals. Each has been 'grown' in saturated 


solutions and then glued onto a piece of rock. 


known about their origins — where they were found 
and the exact nature and composition of the 
surrounding geological strata — some people will take 
a loose crystal and try to create a history for it by 
sticking it onto a piece of rock. 

One of the greatest difficulties is that the mos 
readily available tests for fakes will damage the 


specimens. Collectors may have their suspicions, but 
will naturally be reluctant to use solvents or acids in 
case they are mistaken. 


However, fakes can sometimes be unmasked by the 
use of hi-tech equipment which will not cause damage 


to the specimen. Examination under a microscope or 
in ultraviolet light may reveal tiny tell-tale bubbles or 
inappropriate fluorescence. 


The art of faking 
Although it is easy to disparage fakes, some of them 
are works of art. Some of the best and most famous 
fakes come from Morocco, where skilled craftsmen 
take empty quartz geodes and fill them with shiny 
cubes of the lead- bearing mineral galena. Only close 
examination will reveal that what appear to be whole 
crystals are, in fact, tiny fragments which have been 
glued together. 

When is a fake not a fake? When it is an artificial 
crystal. Or, to be strictly accurate, an artificial crystal 


is not a fake unless it is passed off as being the 


genuine artic 


Making crystals 


Some such crystals can be made in the home. Take, 


for example, table salt. This common domestic 
cooking aid derives from the mineral halite and is 
compo ed of the elements sodium and chlorine. If a 
quantity of water is filled to capacity with ordinary salt 
crystals until it becomes what is known as a saturated 
solution, it is possible to grow crystals as large as those 
that occur naturally in the salt mines of the world. 
Chalcanthite 

An identical effect may be obtained with copper 


plendid blue crystals which may be 


] : 1 ` 
a saturated solution are chemice lly 


identical to those of the mineral chalcanthite. In fact, 


iis process is so easy, and the results so spectacular, 
that many artificial specimens are glued onto a rock 
base and passed off as natural minerals. 


Fjords are long, deep, narrow inlets of sea water that may stretch many kilometres 
inland. The most famous fjords are in Norway, but they are also found in other parts 
of the world. They all share the same geological characteristics. 


jords were formed by the action of huge masses 

of ice called glaciers as they moved towards the 

sea like great frozen rivers. Present-day fjords are 
found only in mountainous coastal areas where the 
climate is, or once was, cold enough to allow glaciers 
to extend lower than the present sea level. (Some 
glaciers, such as those in Switzerland, are high and 
landlocked: these cannot find an outlet to the sea, 
which is why they have not formed fjords.) 


Fjord-forming glaciers flowed down pre-existent 
valleys and carved them out to much greater depths. 
This happened because the moving ice picked up 
many loose rocks which rubbed against the sides and 
floor of the valley and wore them away. 

These rocks came into the glacier from various 
sources: some were loose fragments that lay beneath 
the ice; others were rocks that had fallen onto the 
glacier after having been dislodged by frost from the 
upper parts of the valley wall. The most powerful 
glaciers were strong enough to dislodge other rocks 
that had been firmly attached to the ground. 


As the glacier carried all this material along with it, 

the rocks rubbed against the surrounding valley surface 
and caused a special form of abrasion known as ice 
scouring, which wore away the land in their path. 


Sometimes, especially when glaciers passed along lines 
of structural weakness in the Earth's crust, this 
abrasion caused massive land subsidence which 
deepened the valley even further. 

The final stage in the creation of fjords came at the 
end of the Pleistocene Ice Age, about 10,000 years ago, 
when the ice eventually melted — this caused the sea 
level to rise and drown the valleys. 

Unlike ordinary inlets and bays which shelve 
(become shallower) near the shore, the deepest part of 
a fjord is at the ‘closed’ end furthest from the open sea. 
This is because when the ice first came down into the 
valleys from the heavily snow-covered mountain tops, 
its angle of descent was almost vertical; the huge 
downward pressure exerted sometimes drove the ice 
more than 1000m into the Earth’s crust. 


Whether or not they are fjords, all valleys that have 
been formed by glaciers are known as glacial troughs. 
The only real difference between a fjord and any other 


A typical view over a fjord in Norway. These often 
spectacular waterways also act as shipping lanes, for 
fishermen, goods transport and tourists alike, linking 
the sea with the interior of the country at the head of 
the fjords. (Trondheim, one of Norway's main ports, is 
80km from the open sea). They also limit development, 
because the valley sides are too steep to build on. 


SpJof4 


Fjords 


Milford Sound and Mitre Peak, New Zealand. 


sort of glaciated valley is that a fjord connects with 
the sea and has been filled with water. However, the 
differences between a glaciated valley and a valley 
which has been eroded by running water are more 
clearly defined: any glaciated valley will be straighter 
and have steeper sides than a river valley. Glacial 
troughs also have very rough floors — typically, they are 
covered with mounds of rock debris called moraines, 
especially at the lower end of what used to be the 
glacier. In contrast, most normal river valleys have 
smooth bases. 


The largest fjords are found in the following locations: 
in Norway; on the west coast of southern Chile; along 
the west coast of North America from Puget Sound, 
off Seattle, along much of the coast of Canada to 
southern Alaska; in the South Island of New Zealand; 
in Baffin Bay, northeast Canada; and in the western 
Highlands of Scotland, where the finest example is 
Loch Morar. There are other, minor fjords in Iceland, 
Labrador (Canada), Maine (USA) and on some islands 
within the Arctic Circle. 


The deepest fjords to have been plumbed so far 
are Norway's Sognefjord (1350m) and the Messier 
Channel in Chile (1288m). However, many scientists 
believe that some of the fjords in Canada’s Baffin Bay 
may be even deeper. Loch Morar is only 19km long, 
but an amazing 310m deep. Sognefjord is also the 
longest fjord in the world (219km); the widest is 
Hardangerfjord (10km), which is also in Norway. 
Most fjords have very steep sides, sometimes rising 
over 1000m above the surface of the water. Much of 
the surrounding scenery is often dramatic and 
beautiful, with little habitation and industry, and 


The tourists on this cliff top at Lyse, Norway, give a 
good idea of the depth of fjord valleys. 


many streams and waterfalls tumbling into the sea 
below — one of the most spectacular is Sutherland Fall 
on the South Island of New Zealand, which cascades 
580m into Milford Sound. 

The main exceptions to this rule are found in 
Spitsbergen in the Arctic Ocean and in northern 
Greenland, where the fjords have been formed in soft, 
sedimentary rocks, with the result that the glacial 
erosion has eaten out wider, less spectacular inlets. 
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Cyanite 


Cyanite (also spelled kyanite) 
is highly resistant to heat. It 
most frequently occurs as 
long blue crystals. 


< An elongated 
prismatic crystal of 
cyanite from Minas 
Gerais, Brazil. 


Industrial uses 

Most cyanite is less than gem quality, but 
because of its high resistance to heat it is widely 
used in industry as a raw material for the 
manufacture of such items as spark plugs and 
other refractory porcelains. 


yanite, which is occasionally known as CHARACTERISTICS " 


disthene, is usually blue, but it may also be 
grey, white, greenish or blackish in colour. The Cyanite is a member of the 
name cyanite is derived from kyanos, the Greek word Y Elongated silicate group of minerals. It is a 
for ‘blue’. This is the colour of the finest specimens, crystals of silicate of the metallic element 
some of which may occasionally be fashioned into cyanite on a rock | aluminium. 
gemstones. They are usually cut in smooth, domed groundmass. Crystals of this mineral belong 
cabochons; when they are faceted, the preferred Note the glassy to the triclinic system in which 
cutting angle is 40? along both the crown and sheen (vitreous no crystallographic axis is the 
pavilion surfaces. lustre). same length as any other, and 
none of the axes is at right angles 
to the others. 

The crystals often appear in 
bladed habits which may radiate 
out from a central hub. 

When it is hit with a hammer 
or subjected to pressure, cyanite 
will break off (cleave) in two 
directions along its weakest 
structural lines. 

Cyanite weighs between 
3.5 and 3.7 times more than 
the equivalent volume of water. 
This is one of the ways in which 
it can be distinguished from 
its polymorphs, andalusite 
and sillimanite. 
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MINERALS 


Polymorphism 
Although they are distinct 
minerals, cyanite, sillimanite and 
andalusite all have exactly the 
same chemical formula. The 
essential difference between the 
three is their density: this is 
determined by the conditions of 
temperature and/or pressure 
under which they were originally 
formed. Geological materials 
which are chemically identical 
but which have different properties are known as 
polymorphs. The best example of polymorphism 
occurs in carbon, which may take the form either 
of diamond or of graphite, which are, of course, 
completely dissimilar in their physical make-up. 
Andalusite is the least dense of the trio; it forms 
under the lowest pressure. Cyanite is the densest and 
has the most tightly packed crystal structure; it has 
been subjected to the highest pressure. 


CYANITE 


Group: Silicates 


Crystal system: Triclinic 

Chemical formula: Al,Si0; 

Hardness: 4—7 (depending on direction) 
Density: 3.53-3.67 

Cleavage: Perfect 

Fracture: Uneven 


Colour: Blue, grey, white, greenish, blackish 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: None 


A Bladed prismatic crystals of 
cyanite from Ticino Canton, 
Switzerland. 


< A two-tone cyanite gemstone 
weighing 10.8 carats (Minas 
Gerais, Brazil). 


Variable hardness 

One of the most distinctive 
properties of cyanite is that its 
hardness varies according to the 
direction in which it is scratched: across the cleavage 
planes it is between 6 and 7 on the Mohs Scale, but 
along them it is only 4 or 5. 


Formation of metamorphic rocks 

By studying the occurrence of cyanite and certain 
other minerals in metamorphic rocks, geologists 
are able to work out the temperature and pressure 
conditions under which the rocks were formed. 


Cyanite forms in rocks which have been altered by 
heat and pressure (metamorphic rocks) and in some 
igneous rocks. It is found in schists, gneisses and in 
granite pegmatites. 

Among the locations where cyanite occurs are: 
Carinthia and the Tyrol (Austria); Minas Gerais (Brazil); 
Morbihan (France); Bolzano and around Lake Como 
(Italy); and the Ural Mountains (Russia); Kenya; 
Democratic Republic of the Congo; India; Australia; 
Canada; Iceland; and Scotland. In the USA, cyanite 
has been mined in Connecticut, Massachusetts, New 
York, North Carolina and Virginia. 
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This delicate and rare 
mineral contains the metal 
chromium and it provided 
artists with a completely 
new shade of orange. 


f N rocoite was 
4 discovered 

XJ in the 19th 
century in the mines 
at Sverdlovsk in the 
central Ural Mountains 
of Russia. It quickly 
became popular with 
painters because of the 
vivid and unusual shade of 
orange they could obtain 
from it. Crocoite contains 
the metallic element 
chromium (first discovered 
in 1797 by the French 
chemist L.N. Vauquelin), 
which is used in electroplating and to increase the 
corrosion-resistance and hardness of steel alloys. 
Chromium salts are used for tanning leather. 


Crocoite crystals from Tasmania (Australia): a from the 
Red Lead Mine; v from the West Comet Mine, near 
Dundas (partially oxidised at the base). 


Crocoite is a secondary mineral. It occurs only 
through the chemical alteration of galena, an ore 
that is the main source of lead, in chrome-bearing 
host rocks. It is often found in association with the | 
minerals pyromorphite, pyrite, cerussite, vanadinite 
and wulfenite. 
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Crocoite is made up of lead, chromium and 
oxygen. It is one of a very small group of rare 
and brightly coloured minerals known as 
chromates. 

Crocoite is bright orange-red or orange- 
yellow. It has an orange-yellow streak and 
an adamantine (diamond-like) or vitreous 
(glassy) lustre (sheen). Crocoite has slender, 
crystals that are usually found in groups. 

Crocoite is fragile and must be handled 
with care. It is a heavy mineral and appears 
translucent when it is not transparent. 
Crocoite needs protection from intense 
light, because with prolonged exposure it 
will pale and lose its fine original lustre. 
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Rare mineral 


Notable examples 


The largest crocoite crystal ever found measured 11cm 


x Á.5cm. It was mined in Dundas, Tasmania 


(Australia), and now forms part of the E. Swoboda 


Collection in Los Angeles, USA. 


Crocoite is quite soft and cannot be used in 
jewellery because it would be too easily damaged by 
everyday wear. The finest and most collectable 


specimens come from Australia. 


Testing for crocoite 


Crocoite melts fairly easily in a flame, and is also 


soluble in strong acids. 


It should be cleaned ultrasonically — a process 


that is not normally available to 
amateur mineral collectors. 


v Aggregates 
of crocoite 
crystals from 


Sverdlovsk, Russia. 


to a pre-existent primary mineral. 


The main primary mineral from which crocoite 
forms is galena (lead sulphide). The crocoite mines 
of the Russian Urals and western Siberia are now 
practically worked out, but the mineral is still found 
in small quantities in Tasmania, Australia; in Minas 
j Gerais State, Brazil; in parts of the Philippines; in 


ee 


Crocoite is a rare mineral. Its crystals only form in 
oxidised deposits where lead veins have cut through 
chromium-bearing host rocks and brought together 
all the constituent elements of the mineral - lead, 
chromium and oxygen. Crocoite is a secondary 
mineral that can only occur as a result of changes 


— Romania; and in Zimbabwe. Crocoite is also found 
in Arizona and California, USA. 


4 Crocoite in elegant 
elongated crystals, 
from Dundas, Tasmania 
(Australia). The Dundas 
region produces 
some of the world's 
finest specimens 


of crocoite. 


CROCOITE 


Group: Chromates 


Crystal system: Monoclinic 


Chemical formula: PbCrO, 


Hardness: 2/—3 
Density: 5.9—6.1 


Cleavage: Distinct 


Fracture: Conchoidal to uneven 


Colour: Red-orange, yellow-orange 


Streak: Yellow-orange 


Lustre: Adamantine to vitreous 


Fluorescence: None 


Nadorite is of 
great interest to 
collectors because 
of its rarity. 


adorite is brown or yellow in 
colour. It is named after Djebel 
Nador in Algeria where it was 

first identified in the second half of 

the 19th century, and for many years 

it was thought to be unique to 


Djebel Nador. 


Found in Sweden 

It was not until 1941 that scientists 
were able to prove conclusively 
using X-ray analysis that similar- 


looking specimens found in Sweden were 
also nadorite. Since then, nadorite has been 
found in certain other locations around the 
world, but never in large quantities. Most 
specimens are found fortuitously during 
the extraction of smithsonite, an industrial 
ore of zinc. 


FACT FILE 
NADORITE 


Group: Antimonates or halides 
Crystal system: Orthorhombic 
Chemical formula: PbSbO;CI 
Hardness: 34-4 

Density: 7.0 

Cleavage: Perfect 

Fracture: Conchoidal 

Colour: Brown to yellow 
Streak: White 

Lustre: Resinous 


Fluorescence: None 


A> Yellow lenticular crystals of 
nadorite (Djebel Nador, Algeria). 
Although this mineral has no 
practical uses, the rarity of 
specimens like these make it 
greatly sought after by mineral 
collectors the world over. 


Nadorite is probably best described as a member of the antimonate 
group of minerals. It contains the chemical elements lead, antimony, 
oxygen and chlorine. 

The basic structure of nadorite conforms to the orthorhombic system 
of crystal symmetry, with three unequal axes which are all at right angles 
to each other. Externally these crystals appear in tabular (table-top) 
shapes or as lenticular (lens-shaped) groups. 

The lead content of nadorite makes it a very heavy mineral which 
weighs seven times more than the equivalent volume of water at 
room temperature. 
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Group identity 
Because nadorite is such a rare mineral, 
little scientific research has yet been carried 
out on it. Consequently, not much is known 
about it, and there is even disagreement about 
which mineral group it belongs to. Some authorities 
are of the opinion that it should be classified as a 
halide because it contains chlorine, while others 
regard it as a member of the antimonate group 
because it contains the metallic element antimony. 
This controversy underlines the point that the 
classification of minerals is often by no means 
straightforward. For example, stibnite, the main 
mineral ore of antimony, is not an antimonate, 


as might be expected, but a sulphide. 


Treatment 

Nadorite can be easily damaged 
by impurities, and so specimens 
should be cleaned carefully using 
only distilled water. 


> Y Aggregates 

of lenticular 
(lens-shaped) nadorite 
crystals from Djebel 
Nador (Algeria), 

the locality which 
gives the mineral 

its name. 


MINERALS | 


ORIGINS and DISTRIBUTION ¢&, 


Nadorite is found in association with other 
secondary minerals of antimony, lead and zinc, 
the most important of which are smithsonite 
(zinc carbonate) and bindheimite (lead and 
antimony oxide). 

The finest specimens of nadorite still come from 
the location in which it was originally discovered, 
Djebel Nador near Constantine (Algeria). The other 

main occurrences are at Madjarano 
(Bulgaria) and Langban (Sweden). 
In the British Isles, nadorite has 
been found in association with 
jamesonite at the.Bodannon 
mine, St Endellion, Cornwall. 
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Olivenite is a rare 
mineral that gets 
its name from the 
olive-green colour 
of its finest crystals. 


Ithough most olivenite 

is green, it can also be 

brown, grey, white or 
yellowish in colour. It can 
have various shapes — 
sometimes it appears in 
fine needle-like crystals, 
sometimes it is fibrous or 
granular, and it may 
even be earthy in its 
general appearance. 
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Similar mineral 


Olivenite is not common, and has only been A Olivenite crystals from Wheal Garland, Cornwall. 
recognised as a distinct mineral in its own right since 

the beginning of the 19th century. Olivenite may 4 Y Olivenite from Majuba Hill, Pershing County, | 
sometimes occur in association with another similar Nevada, USA. 

mineral called euchroite. The chemical composition of 

euchroite is almost identical to that of olivenite, the each of its molecules, while olivenite has none. Both 

sole difference between them being that euchroite has olivenite and euchroite are arsenates of the metallic 


three molecules of water of crystallisation attached to element copper. 


Chemically, olivenite is an arsenate of copper with 
a hydroxyl radical (OH) attached to it. 

Olivenite crystals belong to the orthorhombic 
system - they are generally long and prismatic in 
appearance and may be needle-shaped (acicular). 
Non-crystalline habits include kidney-shaped 
(reniform) or roughly spherical (globular) masses. 
The crystals may also be found radiating out from 
a single central point or in very small granules. 
Olivenite crystals are almost as shiny as those of 
diamond (subadamantine lustre), while fibrous 
olivenite has a pearly or silky sheen. 

Although it is classically green in colour, some 
olivenite may be yellowish brown or whitish grey. 

Olivenite scores 3 on the Mohs Scale of hardness 
and can be scratched easily with a penknife. It is 
fragile and has indistinct cleavage. 
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Apart from euchroite, olivenite also occurs with 
the minerals azurite, calcite, dioptase, goethite, 
malachite and scorodite in parts of ore deposits that 
have been acted on by oxygen in the air and in water. 
Such deposits are mined for their copper content if 
they are commercially viable. 


Arsenates 

Arsenates are chemical compounds that contain 
various metals combined with arsenic and oxygen. 
They are usually quite light, apart from mimetite, 
which contains lead. The brightest coloured arsenates 
— e.g. adamite, bayldonite and erythrite — are very 
popular with collectors. 


Tests 

There are two main tests that can be used to 
identify olivenite: it is soluble in acids and when it 
is heated in a flame the arsenic it contains gives off 
a characteristic garlic-like smell. 


Y > Two fine examples of olivenite crystals from near 
Cap Garonne in south-west France, the world's main 
source of the mineral. 


FACT FILE 
OLIVENITE 


Group: Arsenates 

Crystal system: Orthorhombic 
Chemical formula: Cu,(AsO,)(OH) 
Hardness: 3 

Density: 4.4 

Cleavage: Indistinct 

Fracture: Uneven to conchoidal 
Colour: Olive-green to yellow-brown 
Streak: Olive-green or yellowish 
Lustre: Vitreous to silky 
Fluorescence: None 
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Olivenite is found exclusively as a secondary mineral 
in the oxidised zones of copper-bearing deposits 
that also contain arsenic sulphides. Olivenite crystals 
are sometimes found in splendid groups, especially 
in the mines of Cap Garonne in south-west France 
and at Tsumeb in Namibia. Large olivenite deposits 
also occur in Greece; in Nevada, USA; and in some 
other minor locations around the world, including 
Sardinia in Italy. 

Olivenite is found in association with the similar 
mineral euchroite in a sericite micaschist at Libethen 
in Hungary and in the commercially exploited 

» Zapachitsa copper deposit in Bulgaria: 

An the British Isles, olivenite has been found in 

gone! and elsewhere. 


d 


A Olivenite from Cap Garonne, Var, France. 
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v Pieces of 
elephant tusks, 
which are the 
main source of 
— | the world's ivory. 


Ivory is highly valued but is generally 
only obtained through the slaughter 
of rare animals. 


coloured substance forming the 

teeth, horns and tusks of many 
wild animals. It is most commonly 
associated with elephants, but it is 
also found in hippopotamus, wild 
boar, sea lions, narwhals, walruses, 
warthogs and sperm whales. Many 
of these species are in danger of 
extinction, and there is now a 
worldwide ban on ivory trading. 


[= is a smooth, creamy- 


Prized by humans 
Ivory is made of dentine, a calcified tissue which 
surrounds the bone cavities of mammalian teeth. It has 
been prized by humans since the earliest times because 
it is both extremely hard-wearing and very easy to African elepl re widely regarded as the best 
carve. Ivory has been used for thousands of years to source of ivory. There are several reasons for this. 
make carvings and inlay work and as a surface for First, the tusks of of rica elephants are much larger 
miniature painting. The oldest known carved ivory than those of Asian (‘Indian’) elephants: some are up 
: to 2m in length and weigh over 
20kg. African ivory has a greatly 
sought-after warm tint and little 
grain or mottling, whereas Asian 
ivory is a denser white: this is less - 
highly valued. Although Asian ivory 
is easier to carve, it turns yellow 
more readily than African 
specimens. ; 
Traders generally agree that the 
finest ivory comes from Cameroon 
in West Africa. 
.. Diminishing elephant S 
goo and tougher legislation. 
to prot ct surviving herds have led 
to increased pressure on other 
ivory-bearing animals. Even though 
e tusks of the warthog, for 
example, render only minimal 
quantities of ivory, these animals 
are among several species which 
E i face a serious risk of being hunted 
A A beautifully carved ivory comb (Italian, 15th century). to tinction for their small ivory potential. 
La $ 


Y 


GEMSTONES 


CHARACTERISTICS 


Ivory is an organic material which is made up of 
calcium phosphates and includes both organic and 
mineral matter. It also includes traces of apatite, but 
its exact make-up is too variable to be given a 
definite chemical formula. 

Ivory will not burn and can scarcely be damaged 
by water. It is much denser than most material 
derived from living tissue, weighing almost twice as 
much as the equivalent volume of water at room 
temperature. It is quite soft - scoring just over 2 on 
the Mohs Scale of hardness - and can be carved 
effectively with woodworking tools. It is also very 
resilient: it does not crumble and can be polished 
easily with spectacular results. Ivory can be cleaned 
with methylated spirit. 

If a piece of unworked ivory is placed under an 
ultraviolet light, it will sometimes show an attractive 
bluish-white or yellowish fluorescence. 


was found in France: 

it was taken from the 

tusk of a mammoth 

and is thought to be 

more than 30,000 years old. 
Magnificent ivory artefacts survive 

from the ancient civilisations of Assyria, 

Babylon, Byzantium, China, Greece, India, 

Japan and Rome. 


v An ivory figurine. 


Carving techniques 

Until about 1900, ivory was always 

carved by traditional methods using 

axes and adzes to remove the outer 

layer, then a wide range of saws 

and chisels to shape the resulting 

smaller pieces. The advent of electric 

power saws and drills quickly transformed ivory- 
working from a craft into a high-tech industry. 


Elephant ivory 

Elephant ivory is divided into two types — hard and 
soft. Most of the relatively hard ivory comes from west 
African elephants, while soft ivory is from the east of 
the continent. Hard ivory is darker than soft ivory and 
comes from a more slender and straighter tusk. Such 
tusks are more brittle than soft tusks, which tend to 
have a fibrous texture. 


Danger of extinction 

Until the 20th century, the wild animal populations 
from which ivory is taken were able to withstand 
occasional predations by human hunters. But once 
high-powered telescopic rifles had become widely 
available, whole species were very quickly driven 

to the verge of extinction. Throughout the 1980s, 
approximately 2,000 African elephants were shot dead 


every week, while many other ivory-bearing species 
were also drastically depleted. 

This caused great alarm among conservationists, 
with the result that in 1989 there was a worldwide ban 
on ivory trading. However, this has proved almost 
impossible to enforce, and poaching now poses a 
serious threat to the surviving herds. 

Part of the problem is that poor people in 
developing countries are tempted by the vast sums 
of money that can be made by selling the tusks of 
endangered animals. Some people argue that they 
need this revenue to survive, and moves by Western 
governments to stop the ivory trade have sometimes 
been interpreted as economic imperialism. 


Imitations 

Efforts to protect surviving herds have focused on 
the increased use of plastic substitutes fashioned to 
resemble ivory. All billiard balls and piano keys, 
which historically were made from real ivory, are 
now manufactured from wholly synthetic materials. 


IVORY 


Group: Organic material 
Crystal system: None 
Chemical formula: Various 


phosphates of calcium with 
organic matter 

Hardness: 2-27 

Density: 1.70-1.95 
Cleavage: None 

Fracture: Splintery 

Colour: Cream, white 
Fluorescence: Sometimes 
bluish white or yellow 


Y A pewter 
tankard with 
ivory carvings. 


glacier is any large mass of ice that forms on 

land through the recrystallisation of snow. 

Some glaciers move downhill by gravity, while 
others spread out across relatively flat land, propelled 
by their own mass. 


All glaciers originate above the so-called ‘snow line’ 
which marks the limit of permanent snowfields. They 
may terminate on land, in seas or in lakes. 

There are thought to be between 70,000 and 
200,000 glaciers in the world today. They are found 
in almost every great mountain range and on every 
landmass except Australia. The smallest are only about 
one kilometre in length, and those that cover an area 
of less than 50,000 sq km are sometimes known by the 
alternative name ‘ice caps’. Altogether, glaciers contain 
about 75 per cent of all fresh water. 
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Glaciers are great 
travelling masses 
of ice that form 
wherever more ice 
is created in the 
winter than melts 
in the summer. If 
all the glaciers in 
the world melted 
overnight, the 
level of the sea 
would rise by 
almost 60m and 
drown every 
coastal city. 


SJ9I98|9 


A magnificent view of 
part of the central section 
of the Fox Glacier in the 
Southern Alps on the 
South Island of New 
Zealand. This glacier 
is 15.5km long and 
originates in the ice fields 
of Mount Tasman (3498m) 
and Mount Haast (3138m). 
From there, it descends 
to about 300m above 
sea level. 


The world's largest area of ice is the great ice sheet that 
covers almost the whole of Antarctica, an area of about 
14 million sq km. (The true size of Antarctica is often 
distorted in conventional map projections, but it is in 
fact about one and a half times larger than the United 
States of America.) The average thickness of the 
Antarctic ice sheet is 2000m, and the greatest thickness 
of ice that has been measured there is 4300m. Antarctica 
contains over 90 per cent of the world's glaciers. The 
next largest glaciated region is in Greenland and occupies 
an area of about 1.8 million sq km. Other major glaciers 
are found on Iceland, Spitsbergen, various other islands 
in the Arctic Ocean and in great mountain ranges. 


The glaciers on Antarctica and Greenland are known as 
‘continental’ glaciers. Other main types of glacier are 


Glaciers 


Mount Makalu and the 
Barun Glacier in Nepal, 
about 25km from Mount 
Everest. The terminal 
moraines are visible at the 
end of the valley. 


Glacial erratics in 
County Clare, Ireland. 
An erratic is a boulder 
that has been transported 
from its original source by 
a glacier and then been 
left stranded when the 
ice melted. 


called ‘mountain’ glaciers and ‘piedmont glaciers. 
Mountain glaciers are streams of ice that flow down 
valleys. Most of them move very slowly — the average 
speed is less than one metre per day — but some, 
known as ‘surging glaciers’, can reach speeds of up 

to 60m per day. Mountain glaciers usually form in 
narrow ribbons and may be as much as 900m thick. 
There are more than 10,000 glaciers of this type, 
and many fine examples can be seen in the Alps, the 
Himalayas and the Rocky Mountains. The Hubbard 
Glacier, which occupies parts of the Canadian Yukon 
and Alaska, USA, is the world's longest mountain 
glacier at 100km. 

When mountain glaciers have completed their 
descent, they spread out across lowland regions to 
form piedmont glaciers (‘piedmont is a French word 
meaning ‘the foot of the mountain’). The largest 
piedmont glaciers are the Bering and Malaspina 
glaciers in Alaska, each of which covers an area of 


approximately 4000 sq. km. 


Glaciers wear away the surrounding and underlying 
rock more quickly and efficiently than any other 


natural agent of erosion. The stones and boulders that 
they dislodge and carry along with them have much 
the same effect on the Earth as sandpaper has on a 
block of wood. One result of this is that glaciated 
mountains are very rugged in appearance: the 
Matterhorn in Switzerland, for example, owes its 
sharp, pointed shape to the effect of glaciation. 
Another striking topographical effect is the hollowing 
out that glaciers can cause to pre-existent shallow 
valleys: fjords are valleys of this type which have been 
drowned by the sea; one of the finest inland examples 
is Yosemite Valley in California, USA. 

The fate of a glacier when it reaches the lower end 
of its course is determined by whether it ends on land 
or in the sea. On land, the ice will turn to water and 
all the rocks and boulders that the glacier has gathered 
up along its path will be left behind in large mounds 
and ridges called terminal moraines. Some terminal 
moraines are hundreds of metres high and make great 
natural dams behind which lakes often form. 


Outlet glaciers — glaciers which flow into the sea — 
terminate in ice shelves with vertical cliffs about 30m 
high. It is from these ice shelves that icebergs break off 
(‘calve’) and float away. All icebergs are composed of 
fresh water and come from Antarctica or Greenland. 
The largest iceberg ever came from the Ross Ice Shelf 
in Antarctica: it was 333km long and 96km wide. 

Wind and ocean currents may move icebergs 
thousands of kilometres from their point of origin: 
icebergs from Greenland have been sighted as far south 
as Bermuda. 

The length of time that an iceberg lasts before it 
melts completely depends on the amount of rock that 
it contains. Antarctic icebergs may last for more than 
10 years, while northern icebergs containing more rock 
seldom survive in the ocean for more than two years. 


GROUNDWORK 


On the mineral trail: 
The British Isles 


MAJOR 
MINERAL 
DEPOSITS 


complex geology and great mineral wealth. Two 

thousand years ago the Romans came to Britain 
because of its minerals; they mined lead and 
tin and other metal ores, and since that time many 
minerals have been exploited. 

Certain areas of Britain, especially Cornwall, 

Cumbria, the Pennines, and southern Scotland, are 
rich in metal ores. These ores have, in most cases, been 


| ds such a small area, the British Isles have a very 
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The British Isles 
occupy an area of 
315,000 sq km and 
consist of the two 
main islands, Great 
Britain and Ireland, 
together with many 
offshore islands. 
Traditionally, mining 
has been a major 
source of energy 


“North b 
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and wealth, 
although in recent 
years this has 
started to decline. 
Minerals are still 
found in abundance 
throughout the 
British Isles, despite 
being less important 
to the economy of 


the country. 


formed when hydrothermal fluids have risen from 
depth and cooled in fault lines at higher levels in the 
Earth's crust. The actual source of the fluids is not 
usually fully understood. They may be residual fluids 
left over from the cooling of granite magma or the 
fluids may be hot brines released from deeply buried 
marine sedimentary rocks. These brines are chemically 
active and can hold metals and other elements which 
form ore deposits. 


The British Isles 


. 
. 


On the mineral trail 


A Boulby Potash Mine, in North Yorkshire, produces potash for use in fertilisers. 


A Carrock Mine in Cumbria is a source of tungsten. 


> This mine in Upper Teesdale produces fluorite, which 
is used in the steel industry. 


Tin 

Cornwall has been famed for its deposits of tin since 
historic times. The landscape in the western part of 
the county is dotted with the abandoned engine 
houses which used to power the mines. Though there 
are still large deposits, tin mining eventually ceased 
because working the Cornish mines was too expensive 
compared with foreign tin production. However, there 
are currently plans to mine tin again in Cornwall 
because of the high price of tin on the international 
market. Copper ores and a host of other minerals, 
including sphalerite, wolframite and arsenopyrite, are 
also found in association with cassiterite, the tin ore. 


Metalliferous ores 

In Cumbria, metalliferous ores have been mined since 
Elizabethan times. Among the important minerals 
found in Cumbria are galena, sphalerite, barite and 
chalcopyrite. Wolframite, an ore of the metal tungsten, 
has also been mined in the eastern part of Cumbria, 


and during the latter part 
of the 20th century the 
tungsten mine at Carrock 
was re-opened from time 
to time. West Cumbria 
also has fine deposits of the 
rich iron ore, hematite. 


The Pennine hills 
Two main parts of the 
Pennine hills are rich in 
hydrothermal minerals. In 
Derbyshire there are veins 
rich in galena, fluorite and 
other ores. Castleton is 
famed for a variety of 
fluorite called Blue 

John, which is carved 
ornamentally. In the 
northern Pennines, 
especially in Teesdale and 
Weardale, mining for lead 
began in Roman times. 
Associated minerals 
include fluorite and 
sphalerite. 

Around Leadhills and 
Wanlockhead in the 
southern uplands of 
Scotland there are 
abandoned lead mines, 
where galena was mined 
in the past. 


The British Isles have considerable deposits of 
evaporate minerals including halite, sylvite (potash salt) 
and anhydrite. These minerals were formed during the 
Triassic period (248 to 206 million years ago), where 
vast salt flats were formed as the sea dried out. The 
deepest mine in Britain, at Boulby in north Yorkshire, 
is over a mile deep and recovers potash salts and halite. 
Anhydrite has been mined around Teesside, where a 
large chemical industry developed. 

Other collectable and scientifically important 
minerals include gold, which occurs in small amounts in 
Wales and north-east Scotland. In addition, some of the 
world's finest mineral specimens come from Britain. 
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Ankerite - common 
carbonate mineral 


Scolecite — monoclinic 
zeolite mineral 
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typically brown in colour. It formed 

from trees which lived between 
about 200 million and 20 million years ago. 
When they died they were covered by layers 
of sediment. At the same time, their organic 
material was partly replaced by silica, the most 


abundant chemical in the 
Earth's crust. 


Visible inclusions 
The organic origins of 
fossilised (or petrified) 
wood can occasionally 
be seen with the aid of a 


magnifying glass, which 


will clearly show the fibrous 


structure of the wood. The 
trees concentric growth 
rings are also sometimes 


visible, and some specimens 


contain fossilised traces of 
worms and larvae which 


inhabited the trunk. 


FACT FILE 


WOOD OPAL 


Group: Oxides 


Wood opal is formed 
when the woody tissue 
of dead trees is replaced 
by silica. The original growth rings 
of the trees are often preserved. 


Y ) i J ood opal is a form of silica and is 


Crystal system: None 


Hardness: 54-6% 


Chemical formula: Si0,.nH,0 


Density: 2—2.25 


Cleavage: Absent 
Fracture: Conchoidal 
Colour: Brown 

Streak: White 

Lustre: Vitreous, resinous 


Fluorescence: Yellow or green 


A A rough piece of wood opal, 
also known as silicified wood. 


* A piece of silicified - or petrified 
- tree bark. 


but, because it contains silica (silicon dioxide), it 
may also be classified as part of the oxide group 
of minerals. In addition to silicon and oxygen, 
| wood opal may have attached to it any number 
. of molecules of water: it is thus described as 
hydrated silica. 
Wood opal has no crystalline structure and is 
thus described as amorphous. Since it has no set 
structural planes, it has no cleavage. It does, however, 
. break up when subjected to pressure. When this 
. happens, a pattern forms on the broken surfaces 
which resembles that on the inside of a seashell. 
The scientific term for this phenomenon is conchoidal 
fracture. 
The hardness of wood opal is widely variable: 
it may be as low as 5% on the Mohs Scale of hardness, 
but the hardest specimens score as high as 6% and it 
is these specimens that are most in demand to make 
| ornamental items. 
Wood opal shows a yellow or green fluorescence 
when placed in ultraviolet light. 


A A wood 
opal trinket box. 


Petrified forests 

Complete forests of petrified trees exist throughout 
the world, and visitors to them report that they have 
a mysterious and surreal quality. In the past, Native 
American peoples used petrified wood to make arrow 
heads and small buildings. 

The silica which replaced the carbon in the trees 
may itself take the form of gemstones such as agate 
or carnelian. Some wood opal may also be found to 
contain jasper, chalcedony or opal. Jasper is made 
up of compact crypto-crystalline quartz; chalcedony 
also contains crypto-crystalline quartz fibres; and opal 
is amorphous hydrated silica. 


Uses of wood opal 

Large pieces of wood opal are made into boxes, 
ashtrays and bowls. Whole trunks are sometimes used 
as inlays in tables and other large items of furniture. 


> A polished specimen of fossilised wood (Arizona, USA). 


<A wood opal ashtray. 


A Wood opal cut in a 
domed cabochon shape. 
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The world's most famous silicified wood deposit 


SS » 


is in the Petrified Forest National Park in 
Arizona (USA). 

Among other important locations are: 
Patagonia (Argentina); Cairo (Egypt); Auvergne 
(France); Sardinia (Italy); Madagascar; Uruguay. 


Y Fossilised tree (Petrified Forest, Arizona, USA). 


MINERALS 
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kerite 


Ankerite is similar to dolomite 


but there are slight differences 
: between the 
two minerals. 


nkerite is 

usually white, 

yellow or 
yellowish brown but 
may also be grey. It is 
named in honour of 
Austrian mineralogist 
Mathias Joseph Anker 
(1772-1843). 


Ankerite and dolomite 

Ankerite was first separated from 

dolomite and identified as a distinct 

mineral in 1825. Dolomite is a 

carbonate of the metallic elements 

calcium and magnesium. Ankerite has 

exactly the same chemical components 

together with more than 10 per cent iron. It may also 
sometimes contain traces of manganese. 


Mineral series 

The amount of iron in these closely related minerals 
varies, and there is thus said to be a dolomite-ankerite 
series: that is, a gradual progression (solid solution 


Ankerite is a member of the carbonate group 

of minerals. It is principally a carbonate of calcium 
with iron, magnesium and sometimes manganese. 
Each molecule also contains the elements carbon 

and oxygen. 

Crystals of ankerite conform to the trigonal system 
of symmetry. Externally they usually take the form of 
six-sided prisms with parallel sides (rhombohedra) but 
may also appear in irregular shapes or tiny grains. 


series) from pure dolomite through specimens 
containing greater and greater amounts of iron until 
a point is reached at which the concentration of this 
metal becomes so great that what was dolomite must 
now be redefined as ankerite. 

Ankerite will dissolve in warm hydrochloric acid. 
This provides a good clue to its identity, but it is not 
conclusive proof because dolomite also has the same 


<A single crystal of ankerite on a rock matrix 
(base) from Bolzano, Italy. 


Commonplace mineral. 


reaction. The only way to demonstrate conclusively 
that an unidentified mineral is ankerite rather than 
dolomite is to quantify the exact amount of iron it 
contains. This requires sophisticated equipment and 
cannot be undertaken by the amateur mineralogist. 


Test for iron 

The presence of iron is easier to establish. The 
normal procedure for this is to place a drop of 
ferrocyanide on the specimen: this chemical will 
react with any iron to form Prussian blue. However, 
this test must only be carried out in laboratory 
conditions with strict safety precautions and should 
never be attempted by amateurs. 

Specimens of ankerite should be cleaned only with 
distilled water. This is because ordinary tap water may 
contain impurities which can damage the fine crystal 
surfaces of the mineral. 


ANKERITE 


Group: Carbonates 


Crystal system: Trigonal 

Chemical formula: Ca(Fe,Mg)(C0;); 
Hardness: 3/4 

Density: 2.97 

Cleavage: Perfect 

Fracture: Subconchoidal 

Colour: White, yellowish, brownish, grey 
Streak: White 

Lustre: Vitreous to pearly 

Fluorescence: None 


4 Dark crystals of 
ankerite (Turin, Italy). 


v Yellow-brown ankerite 
(Novara, Italy). 


Ankerite is a common mineral. Like dolomite, with 
which it is often associated, it forms in mineral veins 
through the action of magnesium-bearing liquids 
on limestone. Because it is formed only through 
alteration to pre-existent material, ankerite is 
classified as a secondary mineral. 

Some of the finest ankerite has been extracted 


as a waste (gangue) material from the Homestake 
gold mine at Lead, South Dakota (USA). Other large 
deposits are found in the following locations: 
Erzberg (Austria); Oldham (England); Bolzano - 
and Novara, Italy. 


Experiments involving acids should never 
be performed without adult supervision. 
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Scolecite is a zeolite mineral gs s 


with crystals very similar to 
those of natrolite. 


colecite is usually 
white but may also be 
completely colourless. 
It was first identified as a 
distinct mineral in 1813 
by the German scientists 
A.F. Gehlen and J.N. von 
Fuchs. Its name comes 
from the Greek word 
scolex, meaning ‘worm’: 
this is a reference to the fact that, when it is A Radiating acicular crystals of scolecite from Poona (India). 
heated, specimens of this mineral tend to curl 
up and form worm-like shapes. Y Acicular scolecite crystals from Arvigo (Switzerland). 


Similar minerals CHARACTERISTICS 


To the naked eye, there is virtually no 

difference between scolecite, mesolite and Like all zeolites, scolecite is a member of the silicate group 

natrolite. There are, however, differences in the of minerals. Each scolecite molecule is made up of the 

chemical compositions of all three minerals. elements calcium, aluminium, silicon and oxygen and 

One of the most important of these is that contains three molecules of water of crystallisation. 

natrolite and mesolite both contain sodium, Crystals of scolecite conform to the monoclinic system of 

while scolecite has none. symmetry in which no axis is the same length as any other. 
Externally, the crystals are almost invariably long, thin 

Elements in common prismatic shapes and often have grooves (striations) 

In addition to the similarity of their external running vertically along their surfaces. Scolecite may also 

appearance, the above minerals all have three form in attractive fibrous clusters which radiate outwards 

elements in common: these are aluminium, from a central hub. 

silicon and oxygen. They also each contain 


FACT FILE 
SCOLECITE 


Group: Silicates 

Crystal system: Monoclinic 
Chemical formula: CaALSi;0,,.3H;0 
Hardness: 5 

Density: 2.27 

Cleavage: Perfect 
Fracture: Uneven 

Colour: White, colourless 
Streak: White 

Lustre: Vitreous to silky 
Fluorescence: None 


‘Commonplace mineral 


A Individual needle-shaped (acicular) crystals of scolecite joined in radiating groups (Novara, Italy). 


several molecules of water of crystallisation. These can 
be driven off by heating. 

This in itself is not unusual: all zeolite minerals will 
expel their water when treated in this way. However, in 
hydrated minerals other than zeolites such expulsion 
normally occurs in certain amounts at certain 
temperatures. What makes zeolites unusual is that, 
when heated, their water is driven off in one 
continuous stream. 


Gaps form 

What makes zeolites different from other hydrated 
minerals is that the water of crystallisation is really 
contained within the structure, rather than attached to 


A Radiating crystals of scolecite from Miage, Val 
d'Aosta (Italy). 


it. Once the water has been expelled, gaps then form 
within the body of the zeolite. Although the material 
most likely to replace water is more water, these gaps 
can also, in certain conditions, be used to absorb other 
chemicals whose molecules have similar shapes to 
those of water. 


Tests and treatment 

At first sight, scolecite is almost indistinguishable from 

natrolite and mesolite. The crucial test, therefore, is 

heating over an open flame, when scolecite will melt 

(fuse) and show its characteristic worm-like effect. 
Crystals should be cleaned with distilled water 

because impurities in tap water may damage them. 


ORIGINS and DISTRIBUTION & 


Scolecite mainly occurs in cavities within volcanic 
rocks known as basalts. It is also sometimes found in 
rock strata whose original composition has been 
altered by heat and pressure: geologists describe 
these as areas of contact metamorphism. 
The finest specimens of scolecite have 
been found in the following locations: 
Obersulzbachtal, Salzburg (Austria); Rio 
Grande do Sul and Santa Catarina (Brazil); the 
Faroe Islands; Teigarhorn VA d Poona mie 
Piedmont and around Mount Vesuvius (Italy); 1 \rvigo 
and Biasca (Switzerland); and Riverside County, = 
California (USA). : y 
S An the British Isles, scolecite deposits have been 
discovered on the Isle of Skye. > he 
4 = 
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Thomsonite is a common 
member of the zeolite 
group. These minerals 
usually form in small cavities 
called vesicles in basalt lava. 


homsonite is usually pure white in colour, 

but specimens may also occasionally appear 

greenish, pink, yellowish or altogether 
colourless. It was given its present name in 1820 in 
honour of Thomas Thomson (1773-1852), a Scottish 
chemist and geologist. Prior to that, the mineral had 
been known by about twenty different names. 


v Thin layers (lamellae) of thomsonite on a rocky base 
(matrix). This specimen comes from Bolzano (Italy). 


minerals. Its atomic structure contains sodium, 


calcium, aluminium, silicon and oxygen, together with . 
. Six molecules of attached water of crystallisation. 
| Crystals of thomsonite belong to the orthorhombic | 
| System of symmetry, in which three axes are unequal 


in length, but are all at right angles to each other. 


| Externally, its crystals may resemble thin needles 
. (acicular habit): these often radiate out from a 


central hub. 


Zeolites 

Thomsonite is a zeolite mineral, one of several 
absorbent silicates of aluminium. Other members of 
the group include analcime, chabazite, harmotome, 
heulandite, laumontite, natrolite and stilbite. 
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Commonplace mineral 


FACT FILE 


THOMSONITE 


Group: Silicates 

Crystal system: Orthorhombic 
Chemical formula: NaCa;Al;Si;0;,.6H;0 
Hardness: 5-57 

Density: 2.25—2.40 

Cleavage: Perfect 

Fracture: Uneven to subconchoidal 


Colour: White, colourless, pink, yellow, green 


Streak: Colourless 


Lustre: Vitreous to pearly 


Fluorescence: None 


A Crystals of thomsonite in association 
with analcime. 


> A Thomsonite crystals on a rock matrix. 


All zeolites have the capacity to liberate 
the water they contain. After they have lost 
their water, they can then either reabsorb it 
or else take in other material with an 
atomic structure similar to that of water. 

Zeolites were first identified as a distinct 
group in 1756, and today more than 60 
naturally occurring zeolite minerals can also 
be made artificially. 

Zeolites are used for separating gases 
and liquids, and as water softeners. 
Almost all the petrol produced 
today is generated from crude 
oil using catalysts made 
from zeolites. 


Tests 

Like all zeolites, thomsonite, 
when it is heated, will expel 
its water of crystallisation 
continuously, rather than in 
certain amounts at different 
temperatures. 


Thomsonite is a common mineral. It occurs in cavities in lavas, 
especially basalt, and as a product of the decomposition of 
nepheline. It is also sometimes found in thin, parallel bands of 
metamorphic rock called schists. 

Among the many deposits of thomsonite that are found 
all over the world, some of the finest occur in the following 
locations: the Faroe Islands; Eifel (Germany); Catania and 
Liguria (Italy). In the USA, thomsonite occurs in Kern County, 
California; Table Mountain, Colorado; Cook County, Minnesota; 
and in Globe, Oregon. 

In the British Isles, thomsonite occurs in the Kilpatrick Hills, 
Strathclyde and around Bishopton (Scotland). 


$ 


Thomsonite partially dissolves in 
hydrochloric acid and turns to a jelly 
(the scientific term for this process 
is gelatinisation). 


4 Crystals of green thomsonite 
from Vicenza, Italy. 


Mineral habits 


Minerals occur in a variety of shapes. Some are exquisite crystals 
with a perfection that would be hard to achieve by carving. Others are irregular, 
rounded or shapeless, with no repetition of form. The shape of a mineral is 
called its habit, whether it is a fine crystal or an irregular mass. 


Crystal habits 

Some of the words adopted for 
naming the crystal systems and 
the way minerals cleave (break 
in a regular pattern) are also 
used to describe crystal habits. 
The cubic crystal system is the 
simplest, and the word ‘cubic’ 
is also used to describe the 
crystal habit made of six 
square faces joined at 

right angles and looking 
like a die. 

‘Octahedral’ is another 
crystal habit within the 
cubic system. Fluorite 
often forms as small 
octohedra. These are eight- 
sided crystals made of 
triangular faces. 

The term ‘prismatic’ is a 
useful one to describe crystal habit. 
A prism is a solid with a uniform 
cross section. This may be triangular 
or, as in the case of crystals in the 
hexagonal crystal system, six-sided. Quartz 
often occurs in this habit, as perfect hexagonal 
crystals with small pyramids at the top. 

The term ‘tabular’ is used to describe the habit 
of crystals which are flat and rather like table-tops. 
Barite forms such crystals. When flat crystals are 
very thin, like those of mica, they are said to have a 
lamellar habit. 

Many minerals, including actinolite, form as very 
slender, elongated crystals which are like needles. 
Often these occur in clusters and they may radiate 
from a centre. This is an acicular habit. 


Non-crystalline habits 

When minerals form as crypto-crystalline masses, 
they occur in what can be referred to as non- 
crystalline habits. Various shapes are possible; some 
are characteristic of certain minerals. 


4 Hematite showing a reniform 
(kidney-shaped) habit 
(Egremont, Cumbria UK) . 


Hematite, and many 
other minerals, can 
occur in groups of 

rounded shapes, 

which may have a 
radiating internal 
structure. This 


reniform, 
meaning 
kidney- 
shaped, 
as it is 
not unlike 
the shape 
of a kidney. 
A similar habit 
which produces smaller, 


as a botryoidal habit, and is 

rather like a bunch of grapes. 
Malachite, a bright green mineral, 
commonly occurs like this. 


Metals 
Certain metals, like gold, silver and copper, occur 
as minerals but very rarely form as crystals. More 
commonly they have non-crystalline habits. Copper 
forms in a dendritic (tree-like) habit, with many 
flattened branching structures. Pyrolusite also occurs 
in a dendritic habit, as a dark, plant-like marking on 
rock surfaces. Silver has a habit which consists of 
interlocking wires, and gold can have a granular 
habit, occurring as small grains, often on the surface 
of quartz crystals. 

Stalactites are slender masses of calcite that hang 
from the roofs of limestone caverns. A stalactitic 
mineral habit consists of long, slender masses with a 


habit is called 


rounded shapes is referred to 
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Mineral habits 


rounded cross section. 
Goethite is a mineral that 
occurs in this form. 

When a mineral forms 
in a habit that cannot be 
assigned to any particular 
shape it is said to be massive. 
This does not, in this case, 
mean large — it simply 
means the mineral is of 
no particular shape. 


Identification 
Because a mineral's habit is 
the actual shape in which it 
occurs, it can be a good aid 
to the identification of 
certain minerals. Also, many 
minerals consistently form 
in the same habit. However, 
identification cannot be 
made on habit alone; all the 
mineral properties must be 
considered together in order 
to identify a given mineral. 
Among the many 
common minerals which 
have consistent habits 
that can be useful in 
identification are quartz, 
which forms as hexagonal 
crystals or massive 
specimens; mimetite, which 
often occurs as barrel-shaped 
crystals; and mica, which 
forms flat tabular flakes. 


DISCOVERY, 


A Pyrolusite in 
a typical dendritic 
(tree-like) habit. 


<A mass of very 
small crystals of 

cuprite. This is a 

microcrystalline 

habit. 


he first recorded wells were dug in China 

in the third century BC. These were used to 

obtain brine, and reached depths of up to 1km 
below the surface of the Earth. The first oil well was 
bored in 1859 in Titusville, Pennsylvania, USA. 

Oil and natural gas were formed over millions of 
years through chemical changes to microscopic aquatic 
organisms which became trapped in airless (anaerobic) 
conditions in the spaces between grains of sedimentary 
rock. These organisms were altered by contact with 
surrounding bacteria and chemicals, and energy 
for this reaction was provided by the heat of the 
Earth itself. Most oil is believed to have formed at 
temperatures of 100°-120°C. At temperatures above 
175°-200°C most liquid hydrocarbons are destroyed, 
although natural gas is not. Oil and natural gas are 
found at depths of over 5.5km. 

Oil collects in reservoirs only when it is surrounded 
by impervious rocks that cap and seal it in. Most oil 
deposits have collected far away from the locations in 
which they originally formed. 


The first stage in oil prospecting involves searching for 
certain geological formations — notably faults and folds 
— in which oil traps are likely to have formed. Aerial 


In the last 150 
years, over a 
million oil wells 
have been drilled 
worldwide to 
prospect for and, 
in some cases, to 
extract on a large 
scale, crude oil and 
natural gas. These 
hydrocarbon fuels 
are probably the 
two most 
important raw 
materials in the 
modern world. 


A 'nodding donkey' at 
Bakersfield, California, 
USA. This type of oil pump 
is used to remove oil from 
reservoirs in which there 
is little natural pressure. 


photography and surveying are widely used to this 
end, while gravimeters (which measure the Earth's 
gravitational field) detect variations in the density of 
underlying rocks. 

Another useful means of oil detection is provided 
by seismology (the study of earthquakes). This is the 
most expensive of all the techniques, and the one on 
which most research funding is spent. Explosions 
are set off at ground level, and the speed, angle and 
intensity of the reflection of the sound back to the 
surface of the Earth help reveal the composition and 
structure of the underlying rock strata. Analysis of the 
surface soil may also be useful because the presence of 
oil may alter its chemical make-up. 


If these exploratory tests are positive, small bores may 
then be drilled. The first well is sometimes known as a 
‘wildcat’. Subsequent drillings are called ‘exploratory’ 
wells, while new bores intended to extend an already 
established oil field are known as ‘extension’ or 
'outstripping wells. 

Before drilling begins, engineers set up a steel tower 
known as a derrick, which is usually about 15m high. 
Between 2m and Ám above the base of the derrick is a 
floor which forms a working platform for the crews. 
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Drilling for oil 


The Piper Occidental rig 
in the North Sea. 


The oil drill itself 
consists of hollow pipe 
with a cutting tool, or 
‘bit’, at the lower end. 
This bit — which always 
has a larger diameter than 
that of the pipe — is 
rotated by a turntable 
mounted high on the 
derrick. As the drill drives 
deeper into the Earth, new 
sections of pipe are added 
to form what is known as 
a drilling string. 


While drilling is in 
progress, specially 
prepared mud is pumped 
down into the gap 
between the pipe and the 
sides of the borehole. At 
the lower end of the shaft 


it passes through the end of the bit and then comes up 
again to the surface. This process cools the bit, which 
becomes very hot through drilling, and forms a 
plaster-like layer on the sides of the bore hole which 
prevents it from caving in. This stream of mud also 
brings up rock which can then be analysed to help 
determine whether further drilling will be productive. 
If and when a strike is made, the oil will be under 
enormous pressure and may suddenly spurt up out of 
the ground. This would be disastrous, and is prevented 
by balancing the upward pressure of the oil with the 
corresponding downward pressure of the mud. Only 
when the engineers are sure that there will be no 
gush is the drilling string removed. After this tubes 
are run down the borehole: these tubes make it 
possible for the oil to be brought to the surface as 
and when it is needed. 


A gas flare from an oil 
production wellhead 
(Urengoi Field, Tumen, 
Russia). 


The flow of oil 
from the well is then 
controlled by ‘the 
Christmas tree’, a set of 
valves and pipes at the 
wellhead. At first, the 
oil rises to the surface 
naturally, but after some 
of it has been removed 
the pressure in the well 
may drop. If this happens, it is necessary to lift the oil 
by pumping or by artificial pressure. 


Many suitable geological formations for oil and natural 
gas are located below the sea bed, and in the last 40 
years there has been a huge increase in the number of 
offshore drilling rigs. Before these apparatuses are set 
up, wildcat barges are sent out to study the feasibility 
of a full production rig. 

Wildcat barges have leg-like attachments which are 
lowered onto the sea bed. Once the legs are securely 
embedded, the barge is jacked up until it forms a 
platform on stilts at a suitable height above the sea. 
The drilling techniques used are largely the same as 
those used on land, although the costs and dangers 
are far greater. 


GROUNDWORK 


On the mineral 
trail: Japan 


The island nation of 
Japan occupies an 
area Of 

377,727 sq 

km and 

lies in the 
western 

part of 

the North 

Pacific 

Ocean off the 
eastern coast of 
Asia. It is a land of 
high mountains 
and deep valleys 
with a mainly rocky 
soil. Today Japan 
is one of the most 
technologically 
advanced nations 
in Asia and the 
second largest 
industrialized 
economy in 

the world. 


mH MAJOR 
MINERAL DEPOSITS 


j 


Kitakyushu 
o ji 


apan is one of the most highly industrialised 
nations in the world, but it has very few mineral 
resources. Most of the raw materials needed for its 
economy are bought in from other nations. 
Japan comprises four large islands as well as the 


Ryukyu Islands and over 1000 smaller adjacent islands. 


These islands extend in a great arc from Hokkaido in 
the north-east to the Ryukyu Islands in the south-west 
(these are not shown on the map). Honshu, with 60 
per cent of the total land area, is the most important 
island and is called the mainland. 


GEOGRAPHIC 


Sea of Japan 


Tokyo on 
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Pacific Ocean 


The Japanese islands are formed by the intersection 
of the island arcs that girdle the Pacific coast of Asia. 
These arcs are indicative of the Earth’s unstable crust 
in the region, so earthquakes and volcanic activity tend 
to be common in Japan. Seismographs usually register 
about 1500 earthquakes a year. There are also about 
200 volcanoes in Japan, of which 50 are still active. 
The highest and best-known of these is Mount 
Fujiyama (3776m). 

Each of the four main Japanese islands presents a 
different combination of topographical features. 


GROUNDWORK | 


A Drilling for oil off the coast of Japan. 


Kyushu, the most southerly island, is a mixture of 
volcanoes, rough lava plateaux and volcanic ash 
deposits; the large Chikuho coal fields in the north of 
the island supply the extensive iron and steel industry 
of the nearby city of Kitakyushu. By contrast, Shikoku, 
to the north-east of Kyushu, is the smallest of the main 
islands and contains few volcanic features. Coalfields 
in the north yield half the coal mined in Japan. 

Honshu, the largest island, is topographically the 
most varied. The ‘Fossa Magna’, which crosses the 
central region, is a large downfaulted rift dominated by 
active and extinct volcanoes and lava flows. The coastal 
Keihin Industrial Region near the capital city of Tokyo 
is a narrow coastal plain containing petrochemical, 
shipbuilding and steel industries. 

Lastly, the northern island of Hokkaido comprises 
volcanic peninsulas in the middle of which are broad, 
flat areas covered with ash deposits, gravels and coarse 
sands. The Kushiro coalfield on the island yields about 
30 per cent of the coal mined in Japan, and deposits of 
iron ore and manganese are also found there. Like 
Honshu, this island is an important industrial centre: 


4 Mount Fujiyama. 


the city of Muroran is a 
significant producer of 
iron and steel and also 
contains some major 
petroleum refineries. 


Mining and energy 
Although mining is no 
longer an important 
economic activity, Japan 
still contains large 
reserves of limestone and 
bituminous coal. The 
most productive mines 
are found on Hokkaido 
and in northern Kyushu. 
Coal is Japan's most 
important natural 
resource but it is usually 
of poor quality and difficult to mine. The thickest 
seams are in the Hokkaido field and large-scale mining 
methods are used to extract the ore there. 

Copper — extracted from cuprite ore — used to be 
Japan's most important metal and there are mines on 
Hokkaido and at Akita in the north of Honshu. Lead 
and zinc are also mined in conjunction with copper, 
although most copper ore is now imported. Among 
the other important metals mined in Japan are small 
quantities of antimony, gold, molybdenum, silver, tin, 
titanium and tungsten. 

Energy in Japan is produced mainly for industrial 
rather than for domestic use (the Japanese use only 40 
per cent per person of the energy consumed by people 
in the USA). As a leading producer of electricity, Japan 
relies heavily on thermal plants which use coal or 
petroleum products. The yearly output of these power 
stations amounts to 699 billion kilowatt hours. 


Industry and pearls 

Japan is the world's leading shipbuilding nation and a 
major producer of electrical and electronic products, 
together with steel and motor vehicles. Mainly because 
of these industries, Japan's annual consumption of 
electricity is equivalent to the amount of energy 
produced by approximately 440 million tonnes of coal. 
It is hardly surprising, therefore, that Japan's own 
resources are no longer sufficient for her requirements. 
By the start of the 1990s, imported petroleum had 
become the main source of energy, followed by coal, 
natural gas, nuclear power and hydroelectricity. 

Japans oil deposits are small but there is a belt of 
oil stretching from northern Honshu to the Ishikari- 
Yufutsu lowlands in Hokkaido. 

Pearls are farmed in the shallow coastal waters 
around Ago Bay on Honshu; in the waters around 
Numazu, oyster rafts are used to support the wire 
baskets in which pearl oysters are reared. 
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GEMSTONES 


Unakite 


Unakite is a rare type 
of rock, produced by 
the metamorphism 
of granite. 


nakite has a mottled 

appearance and is usually green 

and pink in colour. Its name is 
taken from the Unaka mountain range in 
North Carolina (USA), where it was first 
discovered. Although sometimes 
considered a semi-precious stone, its 
exact chemical make-up may vary from 
specimen to specimen because it is a 
rock, not a mineral. 

Unakite is mainly made up of a 
combination of epidote and orthoclase in 
which significant quantities of quartz 
may be present. The epidote gives it its 
green colour, while the pink colour 
comes from the orthoclase. Good 
quality unakite can be polished and 
used in jewellery, but its uses and 
value are more limited than those of 
pure epidote. 


The cut 

Unakite is made up of minerals with 
above average hardness (quartz scores 7 
on the Mohs Scale; epidote scores 6-7, 
while orthoclase is 6-61). It breaks off 
easily when hit with a hammer or 
subjected to pressure. 


FACT FILE 
UNAKITE 


Group: Metamorphic rock 
Crystal system: None 
Chemical formula: Variable 
Density: 2.8-3.2 

Colour: Green with red patches 


Unakite is almost never faceted because 
it cannot bear such intricate work without 
breaking up: the only cut it will bear without 
damage is the smooth, domed cabochon. 


A A slab of unakite, characteristically green 
with red patches (India). 


CHARACTERISTICS 


Unakite is a form of metamorphic rock which does not have 
a strictly defined chemical composition. Because it is a rock, 
not a mineral, it has no crystal structure. 

The most important characteristic of unakite is its colour, 
which is classically green with red patches. Good specimens can 
be cut and polished and used in jewellery. 


Metamorphic rock 


Unakite is a form of metamorphosed granite in which im ES] 
some of the feldspar has been substituted to a 

greater or lesser degree by quartz and epidote. It 
forms as a result of alteration of the original rocky 
mass by hot fluids (hydrothermals). 

Because unakite is a rock rather than a mineral, it 
has a variable make-up. 

Unakite may sometimes be found in the following 
countries, all of which contain sufficient deposits 
of the parent rock from which it forms: Australia, 
Brazil, Finland, France, Italy, Japan, Mexico, 
Mozambique, Myanmar (Burma) and Russia. In the 
USA, unakite may be found on Prince of Wales Island 
(Alaska) and in Riverside and San Diego Counties 
(California). 

The most extensive deposits of unakite are still 
found in its first recorded location in North Carolina 
(USA). There are also some feldspar seams which 
contain unakite in various parts of India. 

A A picture frame made of unakite. LII LE AMI I.-cx* 2:-— LE 


It is most often tumbled into 
spheres and beads for necklaces or 
polished into slabs for pendants 
and sculptures. (For gem-cutting 
terms see Discovery 9 and 11.) 


Similar materials 

There are many materials which 
resemble unakite, either naturally or 
through synthetic treatment. Some 
volcanic and metamorphic rocks, 
especially those from deposits in 
Quebec (Canada), India, Ireland, 
Siberia (Russia) and Zimbabwe, are 
superficially identical, although closer 
examination will reveal that they have 3 Se 
coarser grains than the genuine article. 
Various man-made glassy pastes can be 


coloured to resemble the distinctive (E are 

tones of true unakite. we E 
S ur 

v Unakite cut in a smooth, 43: 

domed cabochon. [E 


A Rough unakite (India). 
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Morgani 
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Morganite is the name given to 
all pink gemstone varieties 
of the mineral beryl. 


organite’s greatest commercial value is as a 
decorative gemstone. It gets its distinctive 
coloration from the presence of manganese 
impurities within the chemical structure of the 
gemstone. It can be any shade of pink, violet, 
peach or rose beryl, and was originally found in 
California, USA. 
Morganite is named after J. Pierpont Morgan, 
the American financier who bequeathed his 
famous mineral and gemstone collection to the 
New York Museum of Natural History. 
Apart from its colour, morganite has the 
same physical and chemical characteristics as the 
mineral beryl and its other gemstone forms: it is 
very hard and has many industrial uses. 
However, as there are so many less finely 
coloured varieties of beryl available to industry, 
morganite’s greatest commercial value is as a 1 | : 
decorative gemstone. ix c an A Morganite from 
Palo, California, USA. 
Similar gemstones 
A few other gemstones with high 
degrees of sheen (lustre) and 
clarity may resemble 


4 Morganite on pegmatite 
from the Isle of Elba (Italy). 


FACT FILE 
MORGANITE 


Group: Silicates 

Crystal system: Hexagonal 
Chemical formula: Be3ALSi;O;; 
Hardness: 7-8 

Density: 2.6-2.9 

Cleavage: Indistinct 

Fracture: Uneven to conchoidal 
Colour: Pink 

Streak: White 

Lustre: Vitreous 

Fluorescence: None 


GEMSTONES 


4 > Four morganite 
gemstones from Brazil 
showing some of the 
many possible cuts 

that can be used for 
this stone - rectangular, 
two ovals and a drop. 


morganite. The gems 
that come closest to real 
morganite are rose quartz 
and kunzite. Since 1989 
there has been an artificial 
form of red beryl that may 
be taken for morganite 
even though its coloration 
is unusual and probably a 
bit too red to pass as a 
specimen of the genuine 
article. 

In cases of doubt, real 
morganite can be identified 
by detailed physical 


analysis. 


Like all forms of the mineral beryl, morganite occurs 
principally in granite pegmatites and in biotite 
schists. It may also be found in hydrothermal veins 
that have been created by the reaction of hot gases 
from solidifying magma as they come into contact 
with the surrounding rock. (The scientific term for 
this process is pneumatolysis, and the morganite so 
formed is pneumatolytic.) 

Morganite is found in the Minas Gerais region 
of Brazil, on the Isle of Elba in Italy, in Madagascar, 
Mozambique, Namibia, Pakistan, Russia and 
Zimbabwe, as well as in San Diego County, California, 
USA. The finest gem-quality morganite comes from 
Madagascar, while the most recently discovered 
deposits are in Pakistan. 


CHARACTERISTICS 


Like all forms of beryl, morganite is a member of 
the silicate group of minerals and contains the 
metals aluminium and beryllium. Morganite crystals 
are often large, and they tend to take the form of 
tabular prisms that are flatter and squatter than 
other precious forms of beryl. 

Morganite is predominantly pink, but it shows 
two colours, depending on the angle from which it 
is viewed. For that reason, morganite is said to be a 
dichroic mineral. Alternatively, one side of the 
morganite crystal may appear pink while the other 
seems to be quite colourless. 

Morganite has a very low sensitivity to heat - this 
means that it is very hard to melt or alter in any way 
by the application of heat. The most that can be 
achieved by heating morganite is a slight increase in 
the intensity of its pink coloration. This artificial 
improvement may fade. 


Famous gemstones 

The St Petersburg Museum in Russia has a 
magnificent step-cut 598.7 carat morganite 
gemstone that was originally found in Madagascar. 
Other fine examples of morganite are to be seen 

in the National Museum in Prague in the Czech 
Republic and in the Smithsonian Institution in 


Washington, DC, USA. 


Heat treatment 

Some morganite gemstones that do not quite come 
up to the required standard of appearance — because 
their colour tends towards yellow or orange — may be 
heat-treated to intensify their pinkness. 


< This morganite crystal from the Isle of Elba 
(Italy) measures 9mm in diameter. 


! ennantite 


Tennantite and 

the closely 

related mineral 
tetrahedrite are 
both ores of copper. 


ennantite is a dark grey or black 
mineral named in honour of 
the English chemist Smithson 
Tennant (1761—1815). When it 
occurs in sufficiently large quantities, 
tennantite is used as an industrial source 
of copper. 

It is one of the end members of the 
'tetrahedrite-tennantite series’, a range 
of minerals in which arsenic gradually 
replaces antimony within the structure 
of each member. Tetrahedrite contains 
antimony and no arsenic, while 
tennantite contains arsenic and no antimony. 

If all minerals were simply constructed, their 
geological and chemical classification would be quite 
straightforward. Ideally, every mineral would have a 
set and unalterable composition and the dividing line 


A A tetrahedral crystal of tennantite on a base (matrix) 
of dolomite (San Martin, Zacatecas, Mexico). 
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| Tennantite is a member of the sulpho-salts group of 
. minerals. Each molecule is made up of 12 atoms of 
copper, 12 atoms of iron, four atoms of arsenic and 13 
atoms of sulphur. The arsenic may sometimes be 
replaced by antimony, but when this happens the 
resulting mineral ceases to be tennantite and must be 
reclassified as tetrahedrite. 

Crystals of tennantite belong to the cubic system 
of symmetry, but they usually appear in 12-sided 
. (dodecahedral) shapes. Many specimens grow 
. together in the phenomenon known as twinning. 
| When it does not appear in crystal shapes, tennantite 
is typically granular or massive in appearance: both 
_ forms are common and widespread. 

Tennantite is susceptible to alteration by oxygen 
in the atmosphere and in water. When this happens, 
various other minerals may be formed, including 

. azurite and malachite. 


4 Tennantite with red realgar (Binnental, 
Valais, Switzerland). 
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> Grey crystals of 
tennantite on a 
trechmannite matrix 
(Switzerland). 


Y A beautifully shaped 
tennantite crystal 
(Switzerland). 


between them would be clearly defined and readily 
recognisable. 

But in reality minerals are often extremely 
complicated and the differences between some of them 
are infinitesimal. Two specimens may appear virtually 
identical, not only to the naked eye but also under 
scientific analysis. However, despite their close 
resemblance, it may be that if one of these specimens 
contains even as little as one per cent more or less of a 
particular element, it may be necessary to classify the 
pieces as different minerals. 


Solid solution series 

Nowhere is the need to classify almost identical 
spescimens as separate minerals more clearly seen than 
in solid solution series in which one mineral gradually 
merges into the next. 

In the tetrahedrite—tennantite series, arsenic is 
gradually substituted for antimony within the 
chemical structure of the constituent minerals. The 
intermediate members of the series resemble both 
tennantite and tetrahedrite, and it can be difficult to 
tell one from another. 


A famous example 

One of the most famous examples of tennantite 

is displayed at the Smithsonian Institution in 
Washington, DC, USA. Originally found at Tsumeb 
in Namibia, this amazing crystal measures 30 x 30 x 
15cm and weighs 15kg. 


countries: Germany, Korea, Namibia, Norway, Peru, 


Tennantite is found in veins which have been altered 
by the action of hot water (hydrothermal veins). It 
often occurs in association with copper, lead, silver 
and zinc minerals. 

Elsewhere, tennantite may form as a contact 
mineral in small areas of rock which have been 
altered by heat (thermally metamorphosed rock). 

Although less abundant than tetrahedrite, 
tennantite is still a common mineral. Because it has a 
variable chemical make-up, the exact composition of 
specimens may vary from location to location. 

Some of the finest tennantite deposits come from 
Concepción del Oro in Zacatecas (Mexico). Elsewhere, 
tennantite has been found in the following 


Poland, Sweden and Switzerland. 
The USA has major deposits in Colorado, Idaho, 

Montana, North Carolina, Utah and Viriginia. 
In the British Isles, tennantite has been 

extensively mined at Wheal Jewel in Cornwall. 


TENNANTITE 


Group: Sulpho-salts 


Crystal system: Cubic 


Chemical formula: (Cu,Fe);;As;S;; 
Hardness: 3-47 

Density: 4.60-4.75 

Cleavage: Absent 


Fracture: Conchoidal to uneven 


Colour: Dark grey to black 


Streak: Dark grey or brown to black 


Lustre: Metallic 


Fluorescence: None 


Wollastonite is widely 
used in the manufacture 
of ceramic tiles, in paints 
and in a wide variety of 
heat-resistant products. 


ollastonite is typically white or greyish in 

colour, but may also be a very pale green or 

altogether colourless. Along with brucite 
and epidote, wollastonite is one of the minerals which 
produce the shiny veins sometimes visible on the 
surface of marble. It was first identified as a distinct 
mineral in 1818 and named in honour of William 
Hyde Wollaston (1766—1828), a versatile English 
scientist who was, among many other things, a 
distinguished physician, chemist, physicist, 
mineralogist and inventor. 


Parawollastonite 
Wollastonite is the name given to any mineral form of 
calcium silicate which has crystals that show triclinic 
symmetry. This is the least symmetrical of all the 
crystal systems, in which no axis is the same length as 
any other and none of the axes is at right angles to any 
of the others. 

However, some forms of calcium silicate 


crystallise in the monoclinic system: 
these are known as parawollastonite. 


Uses 

When wollastonite occurs in 
deposits large enough to make 
extraction commercially 
worthwhile, it may be used in 
ceramic wall and floor tiles and to 
make electrical insulators and 
porcelain fixtures. It is also used 
in the coatings of welding rods 
and in paints. 


> Areas of white 
wollastonite in a brown 
rock matrix (base) 
from Brescia, Italy. 


A Prismatic crystals of wollastonite 
from the slopes of Mount 
Vesuvius (Italy). 
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Tests and treatment 
When a specimen of 
wollastonite is placed in 
hydrochloric acid, it will 
dissolve and form a gel. 
Another clue to its identity 
is sometimes provided by 
the fact that it melts (fuses) 
easily when it is placed in 
an open flame. 


Identification 
Wollastonite may form 
tabular crystals which 

are often joined together 
(twinned). Other habits 
include compact, massive, 
fibrous and granular. When 
broken, it has perfect cleavage 
and a fracture that produces a 
splintery effect. On freshly 


FACT FILE 


WOLLASTONITE 


Group: Silicates 


Crystal system: Triclinic 


Chemical formula: CaSi0; 
Hardness: 4/—5 

Density: 2.8-3.1 
Cleavage: Perfect 


Fracture: Uneven, splintery 


Colour: White to grey, pale green, colourless 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: Orange or pink 


<A specimen of white wollastonite 
from Brescia (Italy). 


ORIGINS and 
DISTRIBUTION 


Wollastonite forms principally 
through the alteration by heat and 
pressure (metamorphism) of impure 
limestones. It may also sometimes 
occur in alkaline, igneous rocks. 

The most abundant deposits have 
been found in Ontario and Quebec, 
Canada; Pargas (Finland); Brittany 
(France); the Black Forest (Germany); 
Greece; Brescia (Italy); Mexico; 
Norway; Inyo County, California and 
parts of Colorado and Essex County, 
New York (USA). E 


broken surfaces the lustre is 
vitreous (glassy) to pearly. It 
is not a very hard mineral 
and can be easily scratched 
by a penknife blade. 
Because it occurs in 
marble, a pale-coloured 


Wollastonite is a member of the silicate 
group of minerals. It is a silicate of calcium. 

Most crystals of wollastonite appear as 
tabular or short prismatic shapes, and 
many of these grow together in the 


phenomenon known as twinning. Non- 
crystalline deposits are generally massive, 
compact or fibrous in appearance. 

If wollastonite is hit with a hammer or 
subjected to similar forms of pressure, it 
Will break off cleanly along its weakest 
structural plane. Many minerals display this 
property, which is known as cleavage, and 
most minerals have two or three planes 
of cleavage. 

Wollastonite has three planes of 
cleavage, one of which is described as 
'perfect' and the other two as 'good'. 


rock rich in calcite, 
wollastonite may be difficult 
to detect. However, it usually 
occurs in bands running 
through the marble, showing 
at least some of its mineral 
features. In such rocks 
brucite and epidote also 
frequently occur. These can 
be distinguished from 
wollastonite by many 
properties including colour; 
brucite is generally greenish 
and epidote green to black. 


Identifying minerals 1 


The problem with minerals is that they are seldom pure and simple. For example, any 
mineralogist - even the most inexperienced collector - may discover an obvious 
specimen of quartz. This will be easily identifiable by its shape, colour and one or 

two simple tests. But the specimen may be accompanied by mysterious brownish- 

black crystals of a completely different mineral. What can these be? To avoid being 

stumped by questions like this, it is necessary to build up, or at least have access to, 
a good set of up-to-date reference books. 


The Encyclopedia of s A 


Edited Dy 
Michael O'Donoghue 


A A selection of some of the best and most accessible books 
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on minerals and gemstones available from bookshops and libraries. All except the 
Dictionary of Geology have a wealth of colour illustrations which can be of great 
assistance in the identification of newly unearthed specimens. 


distinct properties and are well known. Quartz, 

though it has a variety of colour types — pink rose 
quartz, purple amethyst and black Cairngorm, for 
example — is readily identified by its hardness and 
hexagonal crystals. Malachite is easily identified by its 
brilliant green colouring which often occurs in light 
and dark bands with a botryoidal habit. Pyrite is 
another easily recognised mineral. It has striated cubes 


yis minerals are easy to identify. They have very 


which are a pale yellowish gold colour. However, not 

all minerals are this easy to identify. The igneous rock 
granite contains different feldspars and these can cause 
problems. They appear as oblong crystals within granite, 
but separating orthoclase from plagioclase can, at times, 
be difficult. A pinkish-coloured feldspar is usually 
orthoclase. This mineral also has simple twinning, 

with only two crystals joined together. Plagioclase has 
multiple twinning and many crystals are joined. To take 
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ing minerals I 


Identify 


things a step further, there are many different 
plagioclase feldspars and it is often impossible to tell 
these apart without the use of microscopic techniques. 


Getting advice 
Even the beginner may find a rare mineral and the 
experienced collector is occasionally stumped and 
cannot identify a specimen he or she has found. 
Advice and help can be found in museums and 
universities. Here there will be experts who, even if 
they themselves cannot help, will be able to direct you 
to someone who can. It is a good idea to join a local 
mineralogists club, where members will get advice and 
help with specimens. 


Reference books 

It is important that the amateur mineral collector has 
a few good reference books. These will have excellent 
colour photographs of a range of minerals, along with 
identification features, as in the fact files in Treasures 
of the Earth. There will be information as to where the 
minerals occur and how rare or common they are. 
Though the colour pictures in modern reference 
books are of high quality, it is usually not possible to 
identify a mineral simply by seeing if it looks like an 
illustration. It is essential that the mineral is tested for 
all its properties and then matched with those given in 
the reference book. The majority of the popular books 
available are only able to illustrate a few of the 
thousands of minerals. Standard reference works, 
which are very expensive, are comprehensive and often 
very detailed, and can be found in libraries or 
obtained through inter-library loan. 


Y Although new books have the best colour illustrations, 


old textbooks should not be ignored. This illustration 
from an ancient volume, for example, shows in 
diagrammatic form how to measure the relative 
density of two substances. 


Keeping up with developments 

Geology is a relatively fast-moving science, and every 
year a few new minerals are discovered. These are, 
however, usually rather rare, such as those formed in 
industrial slag and shipwrecks. The vast majority of 
common and relatively common minerals that the 
amateur is going to find, or see in mineralogical 
catalogues, are well documented and described. 

If you are keen to keep up to date with the science, 
then membership of a national or international 
organisation such as the Geologists’ Association may 
be a good idea. For the addresses of such organisations 
in the British Isles, Australia, New Zealand and South 
Africa, see The Art of Collecting 11. 
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à Zeolite group minerals 
are often difficult to tell 
apart wihout detailed 
scientific analysis, 
although it may be 
helpful to compare a 
hand specimen with a 
textbook photograph. 
These fine radiating 
prismatic crystals are 
made of thomsonite. 
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Pleochroism is the capacity some minerals have to display a different colour S 


depending on the direction of the light source that is illuminating 
them and/or the angle from which they are viewed in thin sections 
through a petrological microscope. 


inerals get their distinctive colours in several 
M different ways. Some get them from 
elements that are essential parts 
of their chemical make-up. Cuprite, for 
example, is always red because of its 
copper content. Peridot is always green 
because it contains iron. (However, this 
does not mean that all copper minerals 
are red or that all iron ones are green — 
colour is determined by the effect 
these metals have in combination 
with the other elements in the 
compound.) These minerals are 
known as idiochromatic, from 
the Greek word meaning 
‘self-coloured’. 

Other minerals are 
coloured by impurities 
that are not essential 
parts of their chemical 
composition but which 
are often attached to 
them. Corundum is a 
good example of this 
type: it is colourless 
when pure, but it is 
seldom pure and more 
often occurs with chromium, 
iron or titanium from which 
it derives its blue, red, green, 
yellow or pink colorations. 
Minerals of this type are called 
allochromatic, from the Greek word 
meaning ‘other coloured’, that is. 
coloured by things other than their basic 
chemical composition. 


Crystals which show clear dichroism when 
viewed through a microscope: 


A A specimen of emerald with three 
hexagonal crystals. 


4 Two rubies with trigonal symmetry. 


However, some crystalline 
substances have the strange ability 
to present different colours to 
the beholder, depending upon 
the angle from which they 
are viewed through a 
microscope. This is called 
pleochroism, from the Greek 
meaning ‘more coloured’. 

Minerals get their 
distinctive colours from light. 
All white light is made up of the 
seven colours of the spectrum — red, 
orange, yellow, green, 
blue, indigo and violet. 
Every crystal reacts to 
light in a unique way — 
some of the spectral 
colours are absorbed; 
others are reflected back, 
and it is the ones that are 
reflected that give the 
mineral its colours. In 


> Two rhodolite gemstones. 
Rhodolite is a variety of 
garnet: despite being 
coloured and transparent, 
it is never pleochroic 
because it belongs to the 
cubic crystal system. 


Pleochroism 


DISCOVERY. 


everyday life, most objects look a 
standard colour regardless of where 
they are viewed from. 


Symmetry 

Pleochroism creates a different 
effect because it breaks up separate 
rays of light in a variety of ways, 
depending on how the light is 
affected as it passes through the 
mineral, and therefore the presence 
and extent of pleochroism within a 
given crystal depends upon the 
internal symmetry of the crystal. 

The scientific name for crystals 
and other materials that have 
different physical properties in 
different directions is anisotropic. 
Wood is anisotropic because its 
strength along the grain is weaker 
than its strength across the grain. 
The opposite of anisotropic is 
isotropic, a term applied to 
materials that have the same 
physical properties irrespective of 
the direction in which they are worked or from which 
they are observed. 

Thus a cubic crystal has only one colour: it 
does not diffract the light that passes through it. 
Conversely, crystals of the trigonal, hexagonal 
and tetragonal systems can have two principal 
colours — this is known as dichroism. Crystals in the 
orthorhombic, monoclinic and triclinic systems may 
display three colours (trichroism). 

It is important to remember that the light effect in 
crystals are of two different types — some are produced 
by light passing through the crystal, while others are 
the result of the reflection of light by the crystal. 


v Four ruby gemstones and four tourmalines. 
Their dichroism is greatly enhanced by the cut. 


< A petrographic microscope, 
one of the instruments used by 
scientists to detect and measure 
pleochroism. 


e 


Dichroscope 

Although pleochroism is visible 
in ordinary light, scientists can 
greatly enhance the effect by 
looking at it through a 
dichroscope. This is an 
instrument with an eyepiece at 
the end of a metal tube. Inside 
the tube is a piece of calcite in 
the shape of a rhombus. At one 
end of the calcite is a small 
aperture against which the 
crystal under examination is 
placed. Light entering the calcite 
from the aperture is then split 
into two refracted beams. When 
the observer looks through the 
eyepiece, he or she will see two 
images of the aperture: if they 
are of different colours, the 
crystal under examination is pleochroic. 


Spectroscopy 

Every gemstone absorbs light in a unique way. This 

is called the absorption spectrum, and it is like a 
fingerprint: each one is different. The differences are 
measured with an instrument called a spectroscope. 
One variety, the hand spectroscope, consists of a metal 
tube containing a series of prisms with an adjustable 
aperture at one end and an eyepiece at the other. If 
white light is passed through the instrument, a ribbon- 
like spectrum of rainbow colours is visible. However, 
when a mineral is examined some of the colours will 
be obscured by black lines. These lines represent the 
missing wavelengths of the coloured lights that have 
been absorbed by the mineral. 


By using a number of different dating 
techniques it is possible to determine 
that the last Ice Age ended about 10,000 
years ago. Before the ice finally receded 
it created many fascinating geological 
effects, which can still be seen in 
various parts of the world. 


The period generally referred to as the Ice Age’ is 
in fact only the latest of several ice ages which have 
occurred from time to time throughout the history 
of the Earth. The most recent Ice Age, known to 
scientists as the Quaternary Ice Age, began about 
1.7 million years ago. Global temperatures dropped 
significantly and enormous ice sheets developed right 
across the highlands of North America and Europe. 
From here they spread over the greater part of the 
northern hemisphere. 

The northern half of North America and about a 


quarter of Eurasia were particularly affected by the ice. 


The ice sheets are thought to have advanced at a rate 
of about 100m per year. Although there is less land 
in the southern hemisphere, some parts of it were 
similarly affected, particularly the South American 
Andes, the New Zealand Alps and Tasmania. 


Our knowledge of these important prehistoric events 
has been greatly increased by modern scientific 
research. For example, geologists have been able to 
calculate that Ice Age ice was about 3000m thick in 
North America and 2500m thick across Europe. This 


An artist's impression of the landscape of Britain 
during the Quaternary Ice Age, about 250,000 years ago. 
Cold climate animals included the woolly mammoth. 


was deduced from examination of microscopic fossils. 
These remnants of early life forms were deposited in 
layers of sediment through the whole depth of the ice 
sheet and were left behind when global temperatures 
rose again. 

When the Ice Age ended, the thaw caused the 
levels of the world's seas to rise by between 100m and 
140m. This again has been worked out from geological 
principles — various wave-cut terraces and sea cliffs, for 
example, now lie 100—140m below sea level, but for 
such formations to have occurred in the first place they 
must once have lain on the surface of the Earth. 


Although rock formations are eroded and altered over 
long periods, the Quaternary Ice Age made a lasting 
impression on the appearance and composition of the 
Earth's surface and its influence can still be seen in 
many places. Examples include the many rock 
formations that would normally be found only in the 
northernmost land masses but now also occur much 
further south. These could only have been moved by 
glaciation (see The Story of the Earth 43). 

Ice Age glaciers not only moved large masses 
of rock over vast distances, they also created new 
formations and patterns of their own. Thus the 
geographical extent of the Ice Age can also be inferred 
from the presence of glacial rock features in regions 
that are now too warm to support glaciers. These 
features include glacial erratics (rocks that were picked 
up by glaciers and redeposited elsewhere), terminal 
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The Ice Age 


moraines (rock debris piled up around the spot 

where the glacier once ended) and massive formations 
of silt (loess) which were originally deposited by 
glacial winds. 


'There are now known to have been at least four 

other ice ages on Earth. The first occurred between 
2300 million and 1700 million years ago in the 
Precambrian Era; the next came about 670 million 
years ago at the end of the Proterozoic Era; the third 
has been dated at between the Ordovician and Silurian 
Periods (420 million years ago); the fourth began 290 
million years ago during the late Palaeozoic Era. 


There is less surviving geological evidence of these 
periods because rock formations have been affected by 
metamorphism and erosion for much longer. Some 


A view over Glen 
Torridon in Scotland. 
The hillocks were formed 
by glacial deposits during 
the last Ice Age. 


A computer-generated 
map showing the extent 
of the ice (shown white) 
across the northern 
hemisphere towards the 
end of the last Ice Age. 


clues are held by sediment, called till, that formed 
around 420 and 290 million years ago. But much of 
this has since been affected by erosion, or compressed 
by new layers which formed on top of it or subjected 
to change by chemicals carried in the water that has 
passed through it. Nevertheless, geologists have 
discovered some conglomerates and laminated 

shales which can be shown to date from these 

earlier periods. 


Each of these ice ages lasted for between one and 

10 million years. These are, in fact, very short periods 
in geological time, but nothing like as short as the 
expected gap between the last Ice Age and the next. 

As we have seen, the last big freeze on Earth ended 
about 10,000 years ago; scientists currently predict 
that a new Ice Age may begin about 23,000 years from 
now or sooner. 
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| MINERALS 


hodonite 


Gem-quality rhodonite 
is used ornamentally 
and in glazes and 
artists’ pigments. 


hodonite was first identified as a distinct 

mineral almost 200 years ago in 1819. It is 

almost always pink or rose-red and gains this 
distinctive coloration from the manganese it contains. 
Rhodonite takes its name from the Greek word 
rhodon, meaning ‘rose’. 

Some rhodonite forms in crystals, but most of it 
occurs in irregular shapes (massive habit), and it is 
from these that most of the ornaments and jewels are 
carved and polished. 

Rhodonite specimens may be pure and consistent 
in colour throughout, but these are rare and, in any 
case, the most popular pieces are those that have black 
or brown veins running through them. These veins are 
caused by various impurities, the main one of which is 
pyrolusite, an oxide of manganese. 

Transparent rhodonite crystals are very rare, and 
they change colour according to the position of the 
light source and the angle from which they are viewed 
through a microscope. The scientific term for this 
effect is pleochroism (for more information on 
pleochroism see Discovery 59). 


CHARACTERISTICS 


Rhodonite is a member of the silicate group of 
minerals. It is made up of the element manganese 
together with silicon and oxygen. It is mainly pink, 
but usually contains black or brown veins. 

Fine specimens of rhodonite seem to emit a vivid 
rose-pink radiance that makes the mineral extremely 
attractive for ornamental use. 

Crystals of rhodonite form in tabular (table-top) 
shapes with rounded edges. Not all rhodonite is 
crystalline, however, and much of it forms as sand- 
like grains or irregular shapes. 

The crystal faces of rhodonite have a glassy sheen 
(vitreous lustre) which becomes pearly along the 
cleavage surfaces. 

Rhodonite melts (fuses) quite easily, and when 
it does so it turns into red, brown, or black glass. 


A A shapeless 
specimen of 
rhodonite. The 
black parts are 
manganese oxide 
impurities. 


RHODONITE 


Group: Silicates 


Crystal system: Triclinic 
Chemical formula: MnSi0; 


Hardness: 5/—6/ 
Density: 3.6-3.8 
Cleavage: Perfect 


Fracture: Conchoidal to uneven 
Colour: Pink, brown, red 
Streak: White 


Lustre: Vitreous 
Fluorescence: None 
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Ornamental use 

Rhodonite is used to make cabochons, carvings, 
cameos and beads. Perfect crystals are occasionally cut, 
the preferred angle on the crown and pavilion surfaces 
being 40°. The massive variety of rhodonite is 
particularly suitable for tumble polishing. 


Rhodonite occurs in manganese-bearing rocks, the 
original composition of which was altered by the 
action of heat and water. These rocks include various 
marbles and skarns, especially those which were 
impure limestones before they underwent the 
metamorphic process. 

Crystals and masses of rhodonite have been found 
at many locations throughout the world, especially 
around mines from which manganese 
is being extracted. Among the 
principal sources are: Broken Hill in 
Australia, Brazil, the British Isles, 
Canada, Italy, India, Japan, Madagascar, 
New Zealand, South Africa, Sweden, 
the Ural Mountains of Russia and 
x Tanzania. In the USA, rhodonite occurs 
at Butte, Montana and Franklin, New Jersey. 


similar mineral 

Rhodonite resembles rhodochrosite superficially, but 
whereas rhodonite is commonly veined with black, 
rhodochrosite has bands of pink and red. Rhodonite is 
usually unaffected by warm hydrochloric acid, a liquid 
which dissolves rhodochrosite with an effervescence. 
Another aid to differentiating the two minerals is that 


rhodochrosite is much softer than rhodonite. 


Pyroxen 
«CI 


Rhodonite is 
of silicates. Pyroxenoids are closely related to the 


a member of the pyroxenoid group 


pyroxene minerals but their structure is different. 
Examples of the group 
include aegerine, augite, 
diopside, enstatite, 
hypersthene, jadeite 
and spodumene. 

Rhodonite contains 
manganese, which is not 
found in the pyroxenes. 
Other pyroxenoid minerals 
are wollastonite (calcium 
silicate), pectolite (a hydrous 
silicate of calcium and 
sodium) and bustamite 
(calcium manganese silicate). 


A4 A rhodonite vase with a 
carved design. 


A Rhodonite with black 
inclusions cut in a cabochon. 


4 Tabular (table-top shaped) 
rhodonite crystals with 
rounded edges. 
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Nepheline is a widespread silicate mineral that is often v Crystals of nepheline 
used in the manufacture of glass and ceramics. from Naples, Italy. 


Ithough nepheline is a common and 
nv occurring mineral, few deposits are 

large enough to make commercial extraction 
economically viable. It is usually colourless, white or 
grey but may also be brownish red or dark green. Its 
name is derived from the Greek nephele, meaning 
‘cloud’: this is a reference to the fact that specimens 
become cloudy (white and opaque) when they are 
dipped in nitric acid. Nepheline is also sometimes 
known as nephelite. 

Nepheline is a feldspathoid. Feldspathoids are 

similar to feldspars but contain less silica and more 
sodium and potassium. 


In addition to nepheline, the felspathoid group also 


includes the minerals sodalite, cancrinite and leucite. 


Nepheline is one of the minerals used by geologists 
to define certain rocks. That is, the presence or absence 


of nepheline is used to determine the classification of 
the rock. 


minerals. It is principally an aluminosilicate of sodium 
and potassium. 

Crystals of nepheline belong to the trigonal system 
of symmetry and often take the form of six-sided 
prisms. Many of these crystals have grown together 
in the phenomenon known as twinning. 


Characteristic mineral 

Nepheline is said to be a characteristic mineral of 
alkaline plutonic rocks. These are rocks which contain 
large concentrations of sodium (an alkaline metal) and 
come from magma that has cooled and solidified 
beneath the surface of the Earth. (The term ‘plutonic’ 
is derived from the name of Pluto, the Greek god of 


the Underworld.) 
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NEPHELINE 


Group: Silicates 
Crystal system: Trigonal 


Chemical formula: (Na,K)AISiO, 


Hardness: 54-6 
Density: 2.6-2.7 


Cleavage: Poor 


Fracture: Conchoidal 


Colour: Colourless, white, grey, yellowish, brownish red, greenish 


Streak: White 
Lustre: Vitreous to greasy 


Fluorescence: None 


ORIGINS and DISTRIBUTION &* 


Nepheline forms in a wide range of alkaline igneous 
rocks which are poor in silica. It is particularly 
widespread in pegmatites and syenites (some of 
which are called nepheline syenite). It also occurs in 
some gneisses and schists. Nepheline is found all over 
the world. The following places are important 
locations: Bancroft (Canada); Julianehaab (Greenland); 
Langesundfjord (Norway); the Kola Peninsula and the 
Ural Mountains (Russia); and Transvaal (South Africa). 
Among many other countries which produce 
nepheline are the Democratic Républic of the Congo, 
Finland, Italy, Kenya, Portugal, Romania and the USA. 


Students of geology will come across rocks called 
‘nepheline syenite’, ‘nephelinite’ and ‘nepheline gneiss’. 
In each case, the name indicates that nepheline is a 
constituent mineral within the rock. 


Tests and treatment 

Nepheline will turn to jelly (gelatinise) when placed in 
hydrochloric acid. It colours a flame yellow, an effect 
which indicates the presence of sodium. Nepheline 
should be cleaned with distilled water. 


A Nepheline in association with 
vesuvianite. 


4 Transparent, trigonal, prismatic crystals 
of nepheline. 
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Phillipsite 


Phillipsite is a zeolite 
mineral which is 
£ commonly found 
in cavities in basalt. 


hillipsite may be colourless, 
pss reddish or yellowish. 

It was first discovered in Italy 
in 1825 and named in honour of 
English mineralogist J.W. Phillips 
(1775-1829). Phillips worked with 
his uncle, William Smith (1769— 
1839), who is sometimes known as 


‘the father of English geology’. 


Zeolite formation 

Zeolites occur in cavities in certain 
igneous rocks, chiefly basalt. This 
rock is a type of consolidated lava 
which erupted mainly in oceanic 


PHILLIPSITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: (K,Na;,Ca); ;(Si,Al);0;5.6H;0 
Hardness: 4—4/ 

Density: 2.2 

Cleavage: Distinct 

Fracture: Uneven 

Colour: Colourless, white, reddish, yellowish 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 


regions, where the ocean bed is made from basalt. It is 
a dark, relatively heavy rock, forming from lava that 
originates deep in the crust or the uppermost part of 
the Earth's mantle (the layer immediately beneath the 
crust). Basalt contains two main minerals, plagioclase 
feldspar and pyroxene, but can also have up to 10 per 
cent quartz and often some olivine. 


Cooling lava 

When basalt lava is erupted, it flows rapidly, because 
it contains so much gas, and is at a temperature of 
over 1000°C. As it flows, the surface of the lava 
cools and becomes rippled and twisted by the 
continued movement of the liquid lava beneath. 
The gas in the lava is released, and as this happens, 
hollows form where the gas was trapped. These 
hollows range in size from a few millimetres in 
diameter to many centimetres. After the lava has 
cooled, these rounded hollows, called vesicles, are 
ideal places in which minerals can form. 


A This fine specimen of phillipsite was 
found at Aci Castello, Catania, Italy. 


4 Globular aggregates of phillipsite 
(Rome, Italy). 


Phillipsite is a member of the silicate group of 
minerals. It contains the chemical elements calcium, o 
sodium, potassium, aluminium, silicon and oxygen. 
In addition, each molecule has six attached molecules 

. of water of crystallisation. 

| A Crystals of phillipsite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. Most crystals 

_ either grow together in the phenomenon known 

| as twinning or form in globular shapes called 

| spherulites. 

| Phillipsite is a fairly soft mineral, scoring 4-44 on 

_ the Mohs Scale of hardness. This makes it slightly 

. harder than fluorite, but softer than apatite: it can be 

| scratched by a knife blade without difficulty. 

|.  Phillipsite is translucent or transparent and has a 

| glassy sheen (vitreous lustre). 


Widespread mineral 


A Spherical aggregates of 
phillipsite crystals on a 
rock base (matrix). 


> Individual crystals 
of phillipsite. Note the 
typical vitreous lustre 
(Mount Vesuvius, near 
Naples, Italy). 


Spotted rocks 
Zeolites and other 
minerals occur in these 
vesicles, often giving the 
rock a spotted appearance, 
as many of these minerals 
are pale in colour, 
contrasting with the dark 
basalt. When the vesicles 
are filled in like this with 
minerals, they are called 
amygdales. 


How do they form? ORIGINS and DISTRIBUTION ( 4 


There are various ideas as to the way phillipsite 


and other zeolites form in the vesicles. It has been Phillipsite occurs in cavities and fissures in fine- 
suggested by some geologists that they are derived grained, dark rocks called basalts which originally 
from the feldspars in the basalt. Hoever, a more likely formed through volcanic activity. It may also be found 
explanation is that they are hydrothermal minerals. in deep sea deposits and around some hot springs. 

Phillipsite has been found in the following areas: 
Hydrothermal minerals Victoria (Australia); the Czech Republic; Idar-Oberstein 
Many zeolite minerals occur in hydrothermal veins, as (Germany); Hungary; Iceland; and near Rome and on 
well as in vesicles in basalt and other lavas. They are Sicily (Italy). In the British Isles, attractive specimens 
probably formed when hydrothermal fluids seep are found around the Giant's Causeway in County 
through the lava after it has cooled. Other minerals Antrim, Northern Ireland. Locations in the USA include 
that occur in this way in vesicles include quartz (often California, Washington and Hawaii. 


as agate or chalcedony) and calcite. 


Proustite is a minor 
source of silver. The finest 


crystalline specimens are minerals. Each molecule is made up of three atoms of 
often displayed in mineral collections. silver combined with one atom of arsenic and three 
atoms of sulphur. 

Crystals of proustite belong to the trigonal system 


roustite is named in honour of Joseph Louis of symmetry. They often occur as six-sided prisms 

Proust (1754-1826), a French chemist who with parallel sides. | 

formulated the law of constant composition. Fresh specimens of proustite are transparent or | 
This law states that every chemical compound has the translucent, but they become opaque with prolonged 
same composition no matter how it is formed. exposure to light. Proustite is soluble in nitric acid 


Although proustite may darken on and melts (fuses) easily in an open flame. 
exposure to light, it is normally scarlet 
or vermilion in colour. This 
characteristic gives rise to its 


alternative name of ruby silver. 


Collector's mineral 

Proustite often forms as magnificent 
red crystals, some of which are up to 
8cm in length. Although the mineral is 
attractive enough to be used as a gem, 
it is not hard enough: it scores just 
over 2 on the Mohs Scale of hardness, 
and so it can be scratched easily with 

a coin. 

Even though the mineral is too soft 
to withstand the wear and tear of 
everyday use, it is often displayed in 
mineralogical collections. 
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PROUSTITE 


Group: Sulpho-salts 


Crystal system: Trigonal 


Chemical formula: Ag;AsS; 
Hardness: 2-24 

Density: 5.6 

Cleavage: Distinct 


Fracture: Conchoidal to uneven 
Colour: Scarlet to vermilion 
Streak: Bright red 

Lustre: Adamantine 


Fluorescence: None 


> Prismatic red crystals of proustite 
from Andreasberg (Germany). 


A Distinct vermilion crystals of proustite in 
association with calcite (Sardinia, Italy). 


Treatment 

In addition to being easily scratched, proustite may 
also be damaged by exposure to light. When this 
happens, a dark or silvery coating appears on the 
surface of the mineral. This may be removed by wiping 
it gently with a cotton cloth. 


Industrial use 

The main industrial ores of silver are argentite and 
chlorargyrite. Although proustite is much less 
important than either of these minerals, it is still 
mined commercially in a few locations. 


MINERALS | 


ORIGINS and DISTRIBUTION ¢ 


Proustite occurs with pyrargyrite, another silver- 
bearing mineral, in the upper portions of veins 

which formed through the action of hot water 
(hydrothermal veins). Among the other minerals with 
which it may be associated are galena, pyrite and 
sphalerite. 

Magnificent crystals of proustite have been found 
in the following locations: Cobalt and South Lorrain, 
Ontario (Canada); Dolores de Chanarcillo (Chile); and 
Freiberg and Marienberg (Germany). It is mined for its 
silver content at Batopilas in Chihuahua and 
Sombrerete in Zacatecas (Mexico). 


| 


Good colour 
forms of 
spinel are 
ideally 
suited for use in 
jewellery because of 
their great hardness. 


pinel may be black, blue, 

green, red or violet. The 

name comes from the 
Italian spinella, meaning ‘little 
thorn’, a reference to one of the 
typical crystal shapes. 


Spinel group 
There are about twenty 
minerals in the spinel 
group, of which the 
best known are 
spinel, chromite, 
magnetite and 
franklinite. These 
minerals are all 
oxides of various 
metals, and they crystallise 
in the cubic system. 


Gem variety 
The best-known form of spinel is the red or violet 
variety which contains magnesium and aluminium 


| FACT FILE 


SPINEL 


Group: Oxides 


Crystal system: Cubic 
Chemical formula: MgAL;O, 


Hardness: 74-8 
Density: 3.6 


Cleavage: Indistinct 


Fracture: Conchoidal, uneven 
Colour: Black, red, violet, blue, green 


Streak: White 
Lustre: Vitreous 
Fluorescence: None 


el group | 


4 A spinel crystal from the mines at Mogok (Myanmar). 


v Eight-sided crystals of the spinel variety magnetite. 
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and derives its coloration from the presence of 
chromium and iron impurities. For many years it was 
thought to be a variety of ruby. 


Picotite and pleonaste 
Blue spinel is often coloured by iron and occasionally 
by zinc or cobalt. Other varieties of spinel have their 
own special names. The spinel that is richest in 
chromium is known as picotite; the form with the 
greatest concentration of iron is called pleonaste. 
The orange and yellow varieties of spinel are called 
rubicelle. 

Apart from characteristic colouring, the most 
noticeable differences between the spinels are that 


A A spinel crystal from Sri Lanka. 


> A black crystal of franklinite (a variety 
of spinel) from New Jersey, USA. 


———————————————— 


4 Blue spinel with eight-sided (octahedral) crystal 
shapes from Franklin, New Jersey (USA). 


IARACTERISTICS comm 
Soe REE RE ih 
Spinel is a member of the oxide groups of minerals. 
| Each molecule contains one atom of magnesium, two 

atoms of aluminium and four atoms of oxygen. 
Spinel belongs to the cubic crystal system. The 
crystals are usually octahedral, made up of eight 
. triangular faces. Spinel can also occur as rounded 
| grains or specimens with no particular shape 
|! (massive habit). 
Scoring 77 to 8 on the Mohs Scale of hardness, 
spinel is a very hard mineral. Crystals have a vitreous 
lustre (glassy sheen). 


those containing aluminium are generally the hardest, 
most transparent and least dense. 


Synthetic spinel 

Synthetic spinel has been manufactured since 
1910, and altogether more than 200 different 
kinds have now been created. 


ORIGINS and DISTRIBUTION | 


Spinel occurs in a number of metamorphic rocks, 
including marble, gneiss and serpentinite. It is also 
found as an accessory mineral in some basic igneous 
rocks. Because of its great hardness, it resists erosion 
and so is often deposited in river gravels. 

Beautiful spinel crystals have been found in 
Myanmar (Burma) and Sri Lanka. Other occurrences 
are in Afghanistan, Australia, Canada, France, Germany, 
India, Italy, Russia, Sweden and Thailand. In the USA 
spinel is found in Arizona, California, Colorado, 
Montana, New Jersey and Virginia. 


Petrology is the 
study of rocks. It 
considers how 
rocks form, and 
their composition 
and classification. 
Many rocks have a 
complex chemistry 
that is related to 
how and where 
they originate. 


A computer-generated 
image of the rock strata 
and structures in an 
area thought to overlie 
potentially valuable 
oil deposits. 


In general terms, petrologists are concerned with 
petrogenesis — that is, all the processes, mechanisms, 
chemical reactions and subsequent alterations that 
combine to make the final rock as we see it today. 
Specifically, many petrologists study the density of 
various rock types within the surface of the Earth. 


Petrologists study all three main groups of rocks — 
igneous, metamorphic and sedimentary. Igneous 
rocks are those formed from the consolidation and 
crystallisation of magma or lava. Magma is molten 
rock deep within the Earth's crust. As magma rises 
from depth, it cools and forms rocks like granite, 
gabbro and syenite. These are the coarse-grained 
igneous rocks, made of large crystals which result from 
their slow cooling. 

When magma reaches the surface it becomes lava, 
and is extruded through volcanoes. Lava cools very 
rapidly, so its constituent crystals have no time to 
develop, and the igneous rocks formed in this way, for 
example basalt and rhyolite, have tiny crystals — the 
fine-grained igneous rocks. If magma cools in small 
underground intrusions (sills and dykes), rocks with 
medium-sized crystals, including dolerite and micro- 
granite, are created. 


It has been discovered that when magma or 

lava cools, different minerals form at different 
temperatures. As the liquid rock cools down minerals 
begin to form — olivine first, followed by pyroxenes, 
amphiboles and micas. At the same time as these 
dark-coloured minerals are crystallising, so are the 
plagioclase feldspars. The calcium-rich member of this 
series of minerals, anorthite, forms first, and as the 
temperature drops, calcium is replaced gradually by 
sodium until albite is formed. Orthoclase and quartz 
are among the last minerals to form, at the lowest 
temperatures. Not all these minerals occur in any one 
rock. Basalt and gabbro (basic rocks with relatively low 
silica content) contain olivine, calcium plagioclase and 
augite, and so have formed at the highest temperature. 
Granitic rocks contain orthoclase, mica and quartz and 
so have formed at the lowest temperatures. These series 
of minerals are called reaction series. As the magma 
cools, and minerals form, certain elements are removed 
from the molten rock. Minerals already crystallised 
react chemically with the magma. 


Sedimentary rocks are secondary, in that they are 
mainly derived from existing rocks by the processes of 
erosion, weathering, transport and deposition. Their 
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Petrology 


petrology can be just as complex as 
that of the igneous rocks. 

An essential feature of 
sedimentary rocks is stratification or 
bedding. The grains of sediment 
which make up most of this group 
of rocks are deposited in neat layers 
called strata. Detrital sedimentary 
rocks are made of material ranging 
from dust-like grains of mud to 
sand, pebbles and even boulders. 

The quartz grains in sandstone 
can be held together to make solid 
rock in a number of ways. Minerals 
such as calcite and hematite can be 
deposited in the tiny gaps between 
the grains to act as cement. Also, 
under pressure beneath thousands 
of metres of other strata, the grains 
of quartz may be dissolved around 
their edges so that they fit more perfectly together. 

The various processes that change soft sediment 
into rock are called diagenesis. Other sedimentary 
rocks include limestone, which is often made of 
material derived from the remains of sea creatures 
like corals and molluscs, and the evaporites — rocks 
like rock salt which is formed by the drying out of 
bodies of salt water. 


Metamorphic rocks are those which have been 
changed from what they were when originally 
formed. There are three main ways this can happen. 


Once petrologists have 
ascertained exactly which rocks 
exist in a certain location, it 
becomes easier to guess what other 
materials may be close by. Here a 
scientist analyses sand removed 
under pressure from beneath the 
North Sea. 


This sandstone core has also 
been obtained from the North Sea. 
Significantly, it has been found to 
contain oil stains. 


Contact, or thermal, 
metamorphism occurs when lava or 
magma is in contact with other 
rocks. The heat and fluids from the 
molten rock affect nearby rocks 
and change them. Limestone, for 
example, is recrystallised into 
marble, shale into hornfels and 
sandstone into metaquartzite. 
These metamorphic rocks have new 
minerals and different structures 
from the original sedimentary rock. 

The extent to which 
metamorphism spreads away from 
the body of igneous rock (the 
metamorphic aureole) depends on 
the size and type of the igneous 
rock. A large mass of granite may 
have a metamorphic aureole many 
tens of metres wide, but the aureole 
around a small dyke may be only a 
few centimetres across. Rocks that 
are caught up in folding deep 
underground, especially when 
mountains are being formed, are 
altered by the pressure and 
temperature of regional 
metamorphism. As well as new 
minerals being created, one of 
the main changes that regional 
metamorphism brings about is 
a structural change. 

The metamorphic rocks have foliation, that is, an 
alignment of minerals running through them, which 
may produce a wavy, banded appearance. Gneiss, the 
rock formed by the most intense heat and pressure, 
has bands of dark and light minerals running through 
it. Schist, formed at lower pressure, has wavy bands of 
minerals, and slate, the lowest pressure rock, has thin 
layers of minerals which give it cleavage planes, along 
which it splits easily. 

When rocks break along huge fault lines, they can 
be metamorphosed as they are ground to dust at the 
fault plane. This is dynamic metamorphism, and it 
makes a rock called mylonite. 


GROUNDWORK 25 4 


On the mineral trail: 
South Africa 
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The Republic of South Africa is the southernmost country of the African continent 
and occupies an area of 1,221,037 sq. km. It is exceptionally rich in 
mineral resources, most notably gold and diamonds, although in recent 
years manufacturing industry has taken over from mining and agriculture 
as the leading sector of the economy. 


Botswana, Zimbabwe, Mozambique and The country is situated mostly on a large plateau 
Swaziland; in the south and east by the Indian in which three main areas can be distinguished — 
Ocean; and in the west by the Atlantic Ocean. The the Highveld, the Bushveld and the Middleveld. 
main mineral resources include copper, nickel, At the northern end of the predominant Highveld 
chromite, asbestos, platinum, phosphates, fluorite, lies a mineral-rich rock ridge called the Witwatersrand, 
vanadium, tin, uranium, titanium, and manganese which includes Johannesburg. To the north of this area 
and iron ores. lies the Bushveld, most of which is broken into basins 


S outh Africa is bounded in the north by Namibia, Three main regions 
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by rock ridges. The 
Middleveld lies to the 
west of the plateau. By 
contrast, parts of the 
Kalahari and Namib 
Deserts are found in the 
north-west and west of the 
country respectively. 


Geology 

The geology of the great 
South African plateau 
comprises a vast array of 
ancient crystalline rocks. 
These rocks have been 
worn down over the years 
and covered in most cases 
by layers of sandstone and 
shale. In two areas in 
particular, however (the 
Witwatersrand and the Middleveld), the underlying 
bedrock has been exposed. 


Gold 
The production of gold contributes at least 10 per cent 
of South Africas Gross Domestic Product (GDP), and 
South Africa is the world's leading producer of this 
precious metal. (Some 50 per cent of the world's gold 
is found in South Africa, while the rest is found in 
Australia, Brazil, Canada, Russia and the USA.) 
Production originated in the Witwatersrand area 
around Johannesburg. But other gold-producing 
centres of the Witwatersrand basin include 
Carletonville (Gauteng province), Evander 
(Mpumalanga) and Welkom (Free State). 

The Witwatersrand ridge of gold-bearing rock in 
Gauteng is approximately 100km long and 37km 


A This beautiful eight-sided South African diamond 
crystal has not been worked on: the photograph was 
taken immediately after it was removed from the Earth. 


<The pithead apparatus 
at the Old Diamond Mine 
outside Kimberley. 


wide. Rich gold deposits 
were first discovered there 
in 1886 in conglomerate 
beds known as ‘reefs’. The 
gold occurs as minute 
specks in pebble beds 
known as ‘bankets’ and 

is mined to a depth of 
3000m. 

Another mineral found 
in the Witwatersrand area 
is iridosmine (also called 
osmiridium). This is an 
alloy of iridium and 
osmium and occurs 
in gold-bearing 
conglomerates. Its 
hardness and resistance to 
corrosion make it ideal for 
use in the manufacture of 
pen nibs, surgical needles 


and spark plugs. 


Diamonds 
Gem-quality diamonds 
were originally discovered 
in the Kimberley area, 
although they are now 
found in several parts of 
the country. They are 
found mostly in 
kimberlite, a volcanic 
igneous rock which takes 
its name from Kimberley 
where it was first 
discovered in the 19th 
century. Kimberlite forms 
pipe-shaped bodies where 
lava has risen from deep in the Earth’s crust during 
periods of volcanic activity. 


Energy sources 

There are large coal deposits in the area to the northeast 
of Pretoria and in the northern part of the Free State 
Highveld. Thermally produced electricity (as opposed 
to hydroelectricity) comes almost entirely from coal. 

In the Bushveld north of Pretoria there are large 
deposits of chromium and the platinum group 
minerals. Iron ore and manganese are found in the 
Northern Cape. 

By the 1990s, substantial quantities of antimony, 
copper, fluorite, lead, vermiculite, and zinc were also 
being mined, thereby consolidating South Africa's 
position as one of the world’s principal mineral- 
producing nations. 
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A resistant properties, 
wD andalusite has certain 


Good quality andalusite is sometimes 
cut as a gemstone. 


ndalusite is named after the Andalusia region 
Ae Spain, where it was first discovered. It is 

exploited by industry for its fireproof and acid- 
resistant properties. Andalusite is used particularly in 
spark plugs, and in the manufacture of mullite, a 
substance that resists heat and corrosion. 

Andalusite is also a very attractive gemstone 
when polished and cut. The gems change colour 
from green to reddish brown in certain lights. This 
gives them added interest. 

A variety of andalusite is called chiastolite. 

When chiastolite crystals are sliced through, 

they show the clearly defined image of a cross. 
This shape changes with each slice. Because of 
this unusual property, chiastolite was once worn as 
an amulet, or charm, to protect wearers from evil 
spirits. Its first recorded usage was in Spain during 
the 16th century. 


Á—À 


Andalusite occurs in metamorphic rocks such as schist 


and gneiss. It is also found in slate formed from the 
metamorphism of clay and shale. 

In these rocks it occurs with a number of other 
minerals that are formed during metamorphism, 


including kyanite, cordierite, corundum and sillimanite. 


Andalusite is often found in crystals that are square 
in cross section. 

Andalusite is important to geologists as, from its 
presence, they can work out the temperature and 
pressure conditions of the rocks in which it occurs. 
Sometimes it is found in granite and pegmatite. 

Andalusite is widespread and is found in many 
locations including Australia, Brazil, the Czech 
Republic, England, France, Germany, Russia, Scotland, 
South Africa, Sri Lanka and Sweden. 

In North America andalusite occurs in California, 
Colorado, Idaho, Massachusetts, New Mexico, Utah and 
Washington. It has also been found in Canada. 


GEMSTONES 


A Andalusite crystals from Sondrio, 
northern Italy. 


A Crystals of andalusite on quartz, 
from Sondrio in northern Italy. 
The brownish red colour is typical 
of specimens from that region. 


GEMSTONES 


CHARACTERISTICS 


Andalusite belongs to the silicate group of minerals. 
It contains 63 per cent aluminium and 37 per cent 
silica. Cut andalusite gems change colour in 
different lights, varying from green to 

reddish brown. However, this effect does 

not occur in uncut andalusite. 
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FACT FILE 
ANDALUSITE 


Group: Silicates 

Crystal system: Orthorhombic 
Chemical formula: Al,Si0; 
Hardness: 6/—7/ 

Density: 3.13-3.16 

Cleavage: Distinct 

Fracture: Uneven 

Colour: Pink or red; also brown, green or grey 
Streak: Colourless 

Lustre: Vitreous 
Fluorescence: None 


A> A cut and polished 
andalusite gemstone 
from Brazil. 


> Two cut andalusite 
gems. The one on the left 
is cut cushion-shaped, 
while the one on the 
right is a gem drop. 


Andalusite belongs to the silicate group of 
minerals. It is hard, brittle and fairly heavy, and 
its crystals are translucent to transparent. Good 
examples come from Brazil, Sri Lanka and the 
USA, while fine chiastolite specimens are found 
in Australia, England, France, Russia, Spain 
and elsewhere. 


Industrial properties 
Because andalusite is heat- and acid- 
resistant it is used in the manufacture 
of spark plugs for motor vehicles, in 
heat- and flame-resistant porcelains, 
and in anti-corrosive materials. 


Prized gemstone 
Fine andalusite crystals are used as 
gemstones and are highly prized for their 
ability to change colour. In different lights 

they can look green with rosy pink or brownish 
red highlights. 

The chiastolite variety of the mineral is unusual 
because it has markings in the shape of a cross running 
all the way through it. Chiastolite is regarded by many 
as a Christian symbol and a lucky charm. 


4 Chiastolite crystals cut 
and polished to show the 
symmetrical structure of 
black graphite inside 
them. 


| GEMSTONES 


! Benitoite 


Benitoite is a beautiful 
rare mineral which was 
originally mistaken for 
sapphire. When cut and polished it is 
used as a gemstone. 


enitoite is usually blue 

but may also be pink, 

purple, white or a 
striking combination of 
these colours. It is also 
sometimes completely 
colourless. The mineral 
was originally discovered 
in 1906 in San Benito County, California, USA, A Crystals of benitoite from San 
and it is from there that it takes its name. Although Benito County, California, USA. 
other small deposits have since been found elsewhere, 
the original location remains the only significant 
workable deposit. 

Benitoite has several distinctive characteristics 
which make it one of the most interesting and valuable 
of gemstones. Its colour dispersion — that is, the extent 
to which its crystals disperse the colours that make up 
white light — is almost as striking as that of diamond. 
However, although this effect is readily apparent in 
diamond because it is a clear stone, it is often obscured 
in benitoite because of its strong coloration. 


CHARACTERISTICS 


Benitoite is a member of the silicate group of 
minerals. It is made up of the metallic elements 
barium and titanium together with silicon and oxygen. 

The basic structure of benitoite conforms to the 
trigonal system of symmetry and its crystals are 
often pyramidal in shape, or flattened, with a 
triangular outline. 

When specimens of benitoite are placed under 
short-wave ultraviolet light they show a blue 
fluorescence: this is one of the identification tests. 

Although Benitoite is usually blue, it can also be 
purple, pink, white or colourless. More than one of 
these colours can occur ina single crystal. With a 
hardness of 6-6%0n the Mohs Scale, benitoite is a 
relatively hard mineral. 


m 


> Crystals of benitoite on a rock base (matrix). 


Rare semi-precious ston 


Dichroism 

Some benitoite gemstones may appear either blue or 
colourless, depending on the angle from which they 
are viewed. The scientific term for this phenomenon 
is dichroism, and benitoite is said to be a strongly 
dichroic gemstone. 


The cut 

Benitoite is difficult to cut because its crystals are 
usually very small. Despite this, it is still cut in a 
wide range of styles, the most popular of which are 
the brilliant, the cabochon, the step and the cushion. 
When it is faceted, the usual cutting angle is 40° 
along both the crown and the pavilion surfaces. 


(For an explanation of gem-cutting terms, see 
Discovery 9 and 11.) 


ORIGINS and DISTRIBUTION © 


P, 

Benitoite forms in igneous and metamorphic 
rocks called serpentinites. The main deposit is in 29 
the Diablo Mountain Range near the headwaters of 
the San Benito River in San Benito County, California, 
USA. There the mineral is generally found in 
association with the silicate minerals joaquinite, 
natrolite and neptunite. 

Benitoite has now been found in a few locations 
elsewhere in North America, notably in the sands of 
south-west Texas, and in Owithe Valley, Belgium, 
where it also occurs in sandstone deposits. 


BENITOITE 


Group: Silicates 


Crystal system: Trigonal 


Chemical formula: BaTiSi;0, 


Hardness: 6-6/4 


Density: 3.6-3.7 
Cleavage: Indistinct 


Fracture: Conchoidal to uneven 


Colour: Blue, purple, pink, white, colourless 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: Blue 
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A4 The photographs on 
this page show specimens 
of blue benitoite together 
with the minerals black 
neptunite and white 
natrolite (California, USA). 


Copper is a very important 
metal which has a wide 
range of practical uses. 


opper is pale copper-red in colour in its 
pure state, but darkens to brownish when it 
has been left to tarnish in the air. This metal 
has been known since early times, and its discovery 
was crucial to the development of Bronze Age 
technology. It is described by che Roman 
historian Pliny the Elder (AD 23-79) in his 
encyclopaedic Naturalis Historia. 
The name comes from the 
Greek Cypros, meaning 
Cyprus, the island in the 
eastern Mediterranean 
where substantial 


deposits of copper 
were once discovered. 


Uses Of copper 

Heat and electricity can be 

passed quite easily along a 

length of copper. Hence copper is said to be a good 
thermal and electrical conductor. It is not as good a 
conductor as silver, but it is more readily and cheaply 


Copper belongs to the native element group of minerals. It is a metal 
that is solid in normal conditions and melts at 1084°C. 

Crystals of copper are extremely rare, but those that do occur 
belong to the cubic system of symmetry. and are cubes or eight- or 
12-sided shapes. 

Copper can easily be flattened into sheets or drawn out into long, 
thin wires: in scientific terms, it is said to be malleable and ductile. These 
properties give copper a wide range of practical uses and compensate for 
the fact that the metal is neither strong nor hard. (Copper scores only 
2%-3 on the Mohs Scale: it can be scratched with a coin and easily cut with 
a steel knife blade.) 

If a piece of copper is hit with a heavy object, it may break. This 
phenomenon is known as ‘fracture’, and the fracture of copper is easily 
recognisable because it leaves behind jagged, irregular (hackly) surfaces. 
Most minerals fracture and cleave, but copper is one of a minority that 
only fractures and has no cleavage at all. 

Copper has a very high specific gravity, weighing almost nine times 
more than the equivalent volume of water at room temperature. 


A A tree-like (dendritic) 
aggregate of copper. The 
green encrustations on the 
surface of this specimen are 
made of malachite. 


COPPER 


Group: Native elements 


Crystal system: Cubic 


Chemical formula: Cu 
Hardness: 2-3 


Density: 8.9 


Cleavage: None 


Fracture: Hackly 


Colour: Copper-red 


Streak: Copper-red 


Lustre: Metallic 


Fluorescence: None 
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A Copper filaments from Queensland, Australia. 
> Copper crystals from Italy. 


available and it is used in electrical wiring and in hot 
and cold water pipes. 

Most of the copper produced today is used in the 
electrical industry, but the metal has a wide range of 
other uses. Along with silver and gold, copper is still 
used in coins, although in much smaller quantities than 
in the past. Copper is also used as a component in 
paint pigments, insecticides and fungicides. 


Brass and bronze 

Copper is an essential constituent of the alloys brass 
and bronze. Brass is made up of between 55 per cent 
and 90 per cent copper together with 10—45 per cent 
zinc and sometimes a further small amount of another 
metal or metals. 

Bronze is an alloy of copper and tin, which may also 
contain small amounts of lead and zinc. It is harder 
than brass. Leaded bronze is used in heavy-duty 
bearings, silicon bronze in telegraph wires, and bronze 
containing 20—24 per cent tin is used for casting bells. 


Sources of copper 

Copper is sometimes found in the pure (native) state in 
nature, but such deposits are rare and small. Most 
supplies of the metal are extracted from copper ores, 
the main one of which is chalcopyrite. Among the 
other minerals from which copper can be extracted are 
azurite, bornite, chalcocite, cuprite and malachite. 


Extraction methods 

Copper is extracted from its ores by one of the three 
industrial processes of smelting, leaching or electrolysis. 
Smelting involves heating the ore until it turns into a 
liquid; leaching is the removal of soluble substances 
from the ore by filtering it with liquids; electrolysis is 
the stimulation of chemical changes within a substance 
by passing electricity through it. 


Tests and treatment 

Copper is an easy mineral to identify. One of the most 
distinctive properties of copper is its colour, and this is 
an important clue to identification. As well as its 
colour, its high density — 8.9 — is an important 


Copper occurs in both igneous and sedimentary 
rocks. Many of the large economically useful copper 
deposits are in lavas and porphyries. It is also found 
in conglomerates. These are sedimentary rocks 
composed of very coarse-grained material, often of 
pebble size. Some sandstones have considerable 
deposits of copper, and the metal is also known from 
hydrothermal veins where it may form from the 
alteration of sulphide minerals. ` 
The largest known copper deposit is in porphyries 

formed by volcanic activity in the Andes Mountains of 
Chile. Elsewhere some of the most important. eins of 
copper and copper-bearing ores have been found in 
>the following locations: Broken Hill in ‘New South 
' ‘Wales, Mount Isa in Queensland and Wallaroo in South 
Australia; Corocoro (Bolivia); around Aosta, Florence, 
Genoa and Pisa (Italy); Cananea (Mexico); and Turnisk 
- (Russia). In the USA there are large copper veins 

e Copper Queen Mine in Bisbee, Arizona, in. 
= eweenaw area of north Michigan and at 
Georgetown, New.Mexico. Copper has also been. 
mined in Cornwall and Cumbria (England). 

One of the largest masses of native copper 

ever found was a specimen weighing 429 tonnes 
in Michigan, USA. 


characteristic. This figure is well above average and a 
hand specimen of copper will be noticeably heavy. 

Its hardness, or rather softness, is also notable. 
Scoring only 24-3 on the Mohs Scale of hardness, 
copper can be easily scratched with a steel knife blade 
and even with a coin. 

The metal is soluble in nitric acid, and can also be 
attacked by other acids. Specimens should therefore be 
cleaned only with distilled water applied with a small 
paintbrush or sponge. 

Distilled water does not damage copper, but in 
moist atmospheres over a long period it will form a 
green, brown or black surface layer (patina) of the 
compound copper oxide. 


Loire, in France. It is a dark, 
usually black or grey, mineral 
which contains both barium and 
manganese. At times it has been 
used as an ore of manganese, 
when sufficient amounts of the 
mineral occur in one location. 


Uses of manganese 
Manganese is an extremely 
useful mineral used in some 
important alloys. When it 

is used in steel, it improves 

its strength, hardness and 
resistance to wear, as well as 
improving its forging and rolling 
qualities. Managanese is also 
used in nearly all alloys of 


> A characteristic specimen 
of romanechite from Restormel, 
Cornwall, England. 


„FACT FILE c ON 


ROMANECHITE 


Group: Hydroxides 


omanechite is named 
after its original locality, 
Romanche, Saone-et- 


Crystal system: Monoclinic 


Chemical formula: 
BaMn+2Mn+480,,(0H), 


Hardness: 5-6 


Density: 6.4 


Cleavage: Not determined 


Fracture: Uneven 


Colour: Black to dark steel grey 


Streak: Brown to brownish black 


Lustre: Submetallic to dull 


Fluorescence: None 


Romanechite is the name of a mineral 
previously known as psilomelane. The 
name psilomelane is now 
used for a group of non-crystalline 

oxides of varying composition. 


ORIGINS and DISTRIBUTION 


Romanechite is a secondary mineral formed by the alteration of other 
minerals. This alteration can be brought about by weathering - the 
decomposition of rock and mineral material by rain water and other 
related processes - without any movement being involved. Weathering 
causes the oxidation of previously formed minerals, and romanechite is 
usually derived from carbonates and silicates of manganese. 

Romanechite is a common mineral and often occurs in concretions 
(rounded masses) in lake sediments, swamps and clays, and where 
limestones and dolomites have been altered. Romanechite is found in 
many parts of the world, often with pyrolusite and limonite. 

Well-known localities include Belgium, Brazil, England, France, Germany, 
India, Italy, Scotland, Sweden and Lake Superior, Michigan, USA. 
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Commonplace mineral 


with hydroxide (OH) molecules. It is classified in the 
monoclinic system, which has defining axes of symmetry 
which are of unequal length and while two are at 
right angles the third is not. 
The common habits in which romanechite is 
found include botryoidal (like a bunch of grapes), 
reniform (kidney-shaped), stalactitic, massive (with no 
specific shape), pulverulent (powdery) and earthy. 
Romanechite is a relatively hard mineral, and at 5-6 
on the Mohs Scale of hardness it can just about be 
scratched with a steel knife blade, and certainly with a 
specimen of quartz (hardness 7). 


of the rocks in the Earth’s crust, and a hand specimen of 
romanechite will feel noticeably heavy. 


porcelain tile to verify its streak, a black or brownish black 
mark is made. Alternatively, the mineral can be crushed to 
produce a powder of the same colour. 


magnesium and aluminium to make them less 
susceptible to corrosion and to improve their stress- 
resistant properties. 


Several habits 

Romanechite commonly occurs in a massive habit 
(that is, with no definite shape) or in rounded 
botryoidal (grape-like) and reniform (kidney- 
shaped) habits. It may also be stalactitic, earthy 
and pulverulent (powdery). 


It is composed of barium, manganese and oxygen combined 


When compared with the weight of an equal volume of 
water, at normal temperatures and pressures, it is found that 
romanechite has a density of 6.4. This is well above the average 


If a piece of romanechite is rubbed along an unglazed white 


A A specimen of black, branching 
(dendritic) romanechite. 


A Romanechite occurring in association 
with white globular calcite. 


Because of its often rather amorphous nature, many 
of the identification properties, such as hardness, are 
difficult to work out. 

Romanechite can be found with a number of other 
minerals, some of which are related chemically. 

Wad, which forms in similar situations to 
romanechite, is an amorphous material, the name 
being used for a group of hydrated manganese oxides. 
Limonite, a hydrous oxide of iron, is also often found 
with romanechite. 


'Gold rush' is a general term used 

to refer to the great and rapid influx of 
treasure hunters that almost immediately 
followed the discovery of significant gold 
deposits in various parts of the world in 
the 19th century. There were gold rushes 
in Australia, Canada and South Africa, but 
the greatest of them all was probably the 
first, the California Gold Rush, which 
began in 1848. 


‘hen the first US gold deposits were mined 

in western Georgia in the late 1830s, the 

general public reaction was one of detached 
interest. Thus no one was properly prepared for the 
uproar that greeted the next major discovery of gold at 
Sutter's Mill on the American River in northern 
California on 24 January 1848. John Augustus Sutter 
was having a sawmill built on his land when his 
carpenter, James Marshall, found gold in the river. 

As soon as word of the new find reached San 
Francisco, thousands of men flocked to the region in 
search of work and riches. But this stampede, great 
though it was, was nothing compared with what 
was to come. 


Californian 
prospectors 
panning for gold. 
These men were 
commonly known 
as 'forty-niners', 
because the first 
great rush of 
prospectors began 
in 1849. 


The Australian 
Latrobe nugget, 
which is 11cm long 
and weighs an 
amazing 717g. 


News travelled slowly in those days and it was not 
until 1849 that the full impact of the find at Sutter's 
Mill was felt. Between 1848 and 1850 the population 
of California increased from approximately 14,000 to 
100,000, some 80,000 of whom were camped out in 
deplorable conditions around Sutter’s Mill itself. By 
1853 there were more than 250,000 prospectors in 
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The Gold Rush 


various parts of California, and 
by 1860 their number had 
grown to 380,000. Many of 
these immigrants came from 
Australia, China, Central and 
South America and Europe. 

The first miners to arrive 
on the scene panned for gold 
flakes, nuggets and dust in the 
beds of streams and in gravels 
laid down by ancient, long 
dried-up rivers. 


Before long the most accessible 
gold deposits were exhausted. 
Settlements which had sprung 
up when gold fever was at 

its height were abandoned, 
leaving ghost towns dotted 

all over the state. As the gold 
rush ebbed, highly organised 
companies moved in and 

took over from the pioneers. 
Engineers with drilling 
equipment excavated deep 
mines to search for the original 
gold veins. 

Three main gold mining regions developed in 
California. The first was in the region of the Sierra 
Nevada, from Sutter's Mill south to Mariposa. The 
second was in Nevada County to the north. The 
third area, in the northern coastal ranges west of 
Shasta, was never fully exploited because of its 
isolation and rough terrain. 

The mid-19th century saw other gold rushes in 
North America, notably those along the Fraser River 
in British Columbia (Canada) in 1858; at Comstock 
Lode near Virginia City, Nevada in 1859—60; along 
Cripple Creek in Colorado (late 1850s and 1890s) 
and in the Black Hills of South Dakota (1876—78). 
However, although some people made their fortunes 
here, none of these gold rushes was as frenzied as the 


great Californian Gold Rush of 1848-1860. 


The second great gold rush began in Australia in 1851, 
when rich deposits of the native element were found in 
the Ballarat and Bendigo regions of Victoria. From 
then until the early 1860s, large numbers of fortune- 
seekers flocked to the area from as far afield as 
England. While most of the early finds in California 
had been dust or grains, those in Australia were often 
nuggets. The largest of these, che Holtermann Nugget, 
weighed more than 75kg. 


In 1886 diamond digger George Harrison discovered 
the first traces of gold in the Witwatersrand district of 


Prospectors have to 
dismount their horses to climb 
a forbidding mountain pass on 
their way north from the USA 
to the Canadian Klondike in 
search of gold. 


the Transvaal. By the end of 
the year the whole area had 
been formally designated a 
gold field and a settlement 
founded there — Johannesburg. 

The South African Gold 
Rush was notably more 
civilised than its two main 
predecessors. Transvaal was 
saved from the frenzy that 
overtook California and 
Victoria because it became 
apparent that the gold was in 
underground ‘reefs’ and could 
not be extracted by casual 
prospectors: the geology of 
the region dictated that heavy 
industrial drilling equipment 
had to be utilised right from 
the start. 

Large mining companies already involved in the 
extraction of South African diamonds soon brought 
their expertise and revenue to gold mining and today 
the South African mining corporations still produce 
about one third of all the world’s gold. 


The Canadian Gold Rush took place in the closing 
years of the 19th century near the border with Alaska, 
along the banks of the Klondike River and other 
tributaries of the Yukon River in Yukon. 

The first major find was made in August 1896 in 
Rabbit Creek (now known as Bonanza Creek), a 
tributary of the Klondike. News reached the USA in 
mid 1897, and by 1898 thousands of prospectors had 
flocked from all over southern Canada and the eastern 
United States to try their luck. A new settlement 
named Dawson City was founded at the confluence 
of the Klondike and Yukon rivers: in less than a year 
it became a large mining town with a population of 
over 20,000. 

However, most of the treasure hunters were 
unprepared for the extremely harsh climatic conditions 
of the northern wilderness. When they reached 
Dawson the Arctic weather took an enormous toll, and 
there was near famine in the winter of 1898—1899. 

This was the main reason why the Klondike Gold 
Rush did not last longer: most of those who survived 
the winter were glad to get home. It was left to large 
companies to take over the running of the gold mines 
and some $100 million worth of gold was extracted 
from the region over the next 10 years. 


Pseudomorphism 


Under certain circumstances a crystal may have the chemical 
composition and internal atomic structure of one mineral, but the external 
appearance of another. This phenomenon is called pseudomorphism. 
Pseudomorphs, meaning false forms, are rather unusual and 
can happen in a variety of ways. 

A mineral which becomes a pseudomorph is said to be pseudomorphic 
after the original mineral. 


least partially changed, then a pseudomorph may 
develop. Many minerals are readily oxidised when 
in contact with the atmosphere. 


Je chemical composition of a mineral is at 


Changes through oxidation 

The lead sulphide mineral galena (PbS) is often 
altered to anglesite (PbSO,). Copper (Cu) oxidises 
to malachite (Cu;,CO,(OH);), and pyrite (FeS;) 
changes by oxidation to goethite (HFeO;). When 
these chemical changes take place, the new mineral 
formed often retains the outward structure of the 
original and becomes a pseudomorph. 

Feldspars and feldspathoids are easily altered, 
by both weathering and hydrothermal processes, 
to clay minerals. Kaolinite is often formed in 
this way, and when this occurs, it can form 
pseudomorphs after, for example, the feldspathoid 
leucite. In this case, kaolinite has the outward 
appearance of the original mineral, but its own 
chemical composition. 


Two closely related iron oxides, hematite and 
magnetite, can form pseudomorphs. Magnetite 
(Fe;O4), a mineral which has crystals in the cubic 
system, occurs commonly as octahedral crystals and it 
readily alters to hematite (Fe;O;). When this occurs 
the hematite formed by this chemical alteration has 
the original octahedral shape of the magnetite crystals, 
and is pseudomorphic after the magnetite. 


A Pseudomorphic malachite on azurite (Namibia). 


4 Specimens of copper (seen here in association with 
aragonite) can change through oxidation to malachite. 


Infilled cavities 
In some situations, a mineral may infill a cavity in 
a substance and so take on the shape of the cavity 
rather than forming its own crystal shape. This process 
often happens during fossilisation. Shells and corals 
made of calcite or aragonite may, in certain geological 
situations, be replaced on a molecular level by quartz 
or even hematite, which are more stable in that 
environment. The replacing mineral will take on the 
external shape of the original shell- or coral-forming 
minerals and therefore become a pseudomorph. 
Petrified wood is another common fossil material, 
well known in some regions, such as the petrified 
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Pseudomorphism 


"m 


A Pseudomorphic malachite on crystals of azurite 
(Tsumeb, Namibia). 


forest in Arizona, USA. The woody tissue is preserved 
because of pseudomorphism. An inorganic mineral, 
often quartz (SiO;), is deposited in the very small 
cavities inside the woody tissue. Thus quartz preserves 
the minutest detail of the plant cells, and rather 
than taking on its own crystal structure becomes 
pseudomorphic after the structure of the wood. 
Palaeontologists can study the minute details 
of the tree cells by cutting sections and etching them 
with hydrofluoric acid to reveal the cellular walls and 
other structures. 


Crusty pseudomorphs 

Many minerals are formed as a coating or crust on 
another mineral. The original mineral is thus hidden 
by the pseudomorph. This commonly happens in 
hydrothermal veins. As fluids seep through fractures in 
the rocks, minerals are formed, often in a sequence. 
Those formed first can be coated by minerals that are 
formed later. Quartz is often found coating fluorite. In 
this case the cubic or octahedral fluorite crystals give 
their shape to the quartz, which is pseudomorphic 
after them. 


Paramorphs 

A paramorph is created when the atoms making up 
a mineral are rearranged so that a new mineral is 
formed, but the chemical composition and external 
appearance remain the same. Only minerals which 
have the same chemical composition but different 
crystal systems can form paramorphs. Aragonite and 


A Kaolinite on the feldspar mineral orthoclase 
(St Austell, Cornwall, England). 


A Crystals of martite, the name given to 
pseudomorphs of hematite after magnetite 
(Cerro de Mercado, Durango, Mexico). 


calcite, for example, are both forms of calcium 
carbonate (CaCO,). Aragonite crystals are in 
the orthorhombic system and calcite is trigonal. 
Aragonite often changes to the more stable form 
of calcium carbonate, calcite, but the shape of 
aragonite is retained. 

Marcasite and pyrite are another pair of minerals 
with the same chemical composition, iron sulphide 
(FeS,). Orthorhombic marcasite often changes 
to cubic pyrite, which is a more stable form of 
iron sulphide. 
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On the mineral trail: 
United p 
0 


Alaska 


Mt McKinley e 


Montana 


Pacific Ocean 


Gulf of Mexico 


The United States of America (USA) is the fourth largest country in the world after 
Russia, Canada and China, and occupies an area of 9,372,614 sq km. 
It stretches from the Atlantic Ocean in the east to the Pacific Ocean in the west, 
and from Canada in the north to Mexico in the south. 
All but two of the 50 states are contiguous: the exceptions are Hawaii in the Pacific, 
and Alaska, which is separated by Canada from the rest of the nation. 


nation and contains a wide range of natural the northern region of the five Great Lakes and 
and mineral resources. It is the world’s chief throughout the vast Central Plains region. In the east, 
producer of aluminium, copper and lead. The nations the Appalachian Mountains stretch from Canada to 
three main natural resources are all fossil fuels — coal, Alabama; in the west, the Rocky Mountains extend 
petroleum and natural gas. from New Mexico to Canada and on into Alaska. 
Whilst the USA obtains much of its mineral wealth Alaska is a mountainous region, Mount McKinley 
from the mountain ranges in the east and west of the being the highest point in North America at 6194m. 


4 | The USA is the world’s leading industrial country, there are also many resources to be found in 
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< Kennecott copper mine 
in Salt Lake City (Utah). 


area of New York State. 
From here it is shipped 
to Buffalo (New York), 
Pittsburgh and other parts 
of Pennsylvania. 


Petroleum 
Petroleum is the most 
important natural 
resource in the USA. By 
the 1980s, it represented 
about 15 per cent of total 
world petroleum output. 
Production occurs in the 
following main areas: 

the Gulf coast of Texas, 
south Arkansas, north 
Louisiana, and central 
Mississippi; a triangular 
area between north 
Kansas and east Texas; 


The mining industry the Los Angeles basin and San Joaquin Valley in 
The importance of mining to the US economy cannot California; and the North Slope of Alaska. Petroleum 
be overstated. Coal is especially important to the US now accounts for about 45 per cent of the total 


economy as it provides one sixth of the annual value of ^ amount of energy consumed annually in the USA. 
the mining industry. 


Coal is found in four main areas. Anthracite Mineral resources 
deposits are widespread in north-east Pennsylvania; As well as possessing the natural resources vital for 
bituminous coal is found on the Appalachian Plateau sustaining an industrial economy (e.g. the natural gas 
and in Wyoming; while Kentucky and West Virginia from Texas and Louisiana, which already provides 25 
produce about half the total annual output in the per cent of the energy consumed annually), the USA 
USA. More bituminous deposits are found — |... contains a vast array of metallic and non- 


metallic mineral resources. 

Most famous of these is undoubtedly 
the gold of California, Nevada, Utah and 
South Dakota. The Californian Gold Rush 
of 1848—55, however, contributed more to 
the discovery of other minerals than to the 
foundation of a long-standing gold mining 
industry. Among the minerals found in the 
wake of the Gold Rush were azurite 
(Arizona), hydromagnesite (Riverside 
County, California), neptunite (San Benito 
County, California), olivenite (Nevada) and 
smithsonite (Tin Mountain Mine, South 
Dakota). The USA has an abundance of 
metallic ores including those of aluminium, 
antimony, copper, lead, molybdenum, 
uranium and vanadium. Copper 
production in the Butte area of Montana 
is especially noteworthy, while the Bingham 


in the area between south Illinois and 
Indiana; and low-sulphur bituminous 
deposits are mined in Wyoming, Montana 
and the western Dakotas. The most valuable 
bituminous coal bed is the Pittsburgh seam 
between southwest Pennsylvania and the 
nearby states which depend upon coal for 
their industrial output. 


Iron ore 

Over 90 per cent of the country’s iron ore 
comes from the upper Lake Superior area, in 
particular from the Mesabi range of north- 
east Minnesota. Here there are massive 
reserves and the ore can be easily transported 
across the Great Lakes to the eastern steel- 
manufacturing areas. In recent years, 
however, the supply of high-grade deposits 
has declined in the Mesabi range and the 


USA now increasingly imports iron ore from : Canyon mine in the desert southwest of 

Canada and Venezuela. i Salt Lake City (Utah) has produced over 
Iron ore is still mined in the Alabama A Thick crude oilon 2500 million tonnes of copper ore and 

area near the steel-manufacturing centre of mineral-enriched is claimed to be the world’s biggest man- 


Birmingham as well as in the Adirondack water (Wyoming). made excavation. 
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v Siderite on a crystalline quartz 
matrix (base) from Panasquiera 
(Portugal). 


Siderite is a widespread 
mineral which is a 
source of iron. 


iderite may be pale yellow, grey, af. 
brown, greenish, reddish or 
black in colour. It was first 
described and identified as a distinct 
mineral in 1813. Its name is taken . | FACT FILE 
from sideros, the Greek word for he saa oe 
iron. The alternative name chalybite A SIDERITE 
(from the Greek chalyps, meaning Y Group: Carbonates 
steel) is seldom used. This is a pity =) Crystal system: Trigonal 
because ‘siderite’ is also a term used Chemical formula: FeCO; 
for a group of iron meteorites. Hardness: 4 
Density: 3.96 
Cleavage: Perfect 
Fracture: Uneven to conchoidal 
Colour: Pale yellow, grey, brown, greenish, reddish, black 
Streak: White 
Lustre: Vitreous to pearly 
Fluorescence: None 


Siderite is a member of the carbonate group of 
minerals. Each molecule is made up of one atom of 
iron, one atom of carbon and three atoms of oxygen. 

Crystals of siderite conform to the complex 
trigonal system of symmetry. Some may grow 
together in the phenomenon known as twinning. 
The crystal faces are often curved. 


4 Brown siderite in association with translucent white 
quartz from Wheal Maudlin, Cornwall (England). 


Siderite forms part of a series with magnesite and 
rhodochrosite. All chree minerals are carbonates, but 
while pure siderite contains up to 48 per cent iron, 
magnesite is a carbonate of magnesium and 
rhodochrosite is a carbonate of manganese. 
Replacement of any of these metallic elements by 
either or both of the others is gradual, and thus some 
specimens may be difficult to identify without detailed 
chemical analysis. 


Widespread mineral 


MINERALS 


Industrial uses 

The chemical composition of siderite makes it an 
ideal source of iron. Practically, however, its uses 
are limited by the fact that it seldom occurs in 
sufficiently large quantities to make commercial 
extraction worthwhile. 


Tests and treatment 

Externally, siderite may bear a resemblance to calcite 
(the mineral form of calcium carbonate). However, 
the two minerals can be distinguished by the acid 
test: while calcite dissolves in cold hydrochloric acid 


> Green siderite from 
Brazil. Note the curved 
crystal faces, which are 
not found in calcite. 


A Lens-shaped (lenticular) crystals of brown siderite 
from Brosso (Turin, Italy). The accompanying white 
mineral is barite (barium sulphate). 


with an effervescent fizz, siderite dissolves only 

slowly in the same acid and the resulting solution 

will effervesce only when it is heated. 

WARNING: Acids should be handled with care and never 
used by children without adult supervision. 


Magnetic 

Siderite becomes magnetic when it is heated: this is 
related to its iron content. It also has a higher specific 
gravity (about four times greater than that of the 
equivalent volume of water at room temperature) than 


calcite (SG 2.7) or dolomite (SG 2.85). 


The main occurrence of siderite is in hydrothermal 
mineral veins. These form when hot, water-rich fluids 
rise through joints and faults in the rocks of the 
Earth's crust. As the fluids cool, minerals are 
deposited. Many minerals form in this way, and are 
often found with siderite. These include calcite, 
barite, fluorite, galena, quartz and sphalerite. Siderite 
can also occur in bog iron ore deposits, and in clay 
and other sediments formed on lake beds and the 
bed of the sea, where they have been precipitated 
from water. 

Around the world, siderite is widespread. Some of 
ithe most important locations where it is found are 
Broken Hill, New South Wales (Australia); Eisenerz and 

Hüttenberg (Austria); Morro Velho gold mine, Ouro 
Preto, Minas Gerais (Brazil); Mont Saint-Hilaire, Quebec 
(Canada); Pribram (Czech Republic; Bodmin, 
Camborne and St Austell in Cornwall and Tavistock in 
Devon (England); Müsen, near Siegen (Germany); 
Ivigtut (Greenland); Bergamo, Brescia, Carrara, Sassari 
and Turin (Italy); Panasquiera (Portugal; and Val 
Taevetsch (Switzerland). In the USA it occurs in 
Connecticut, Washington, South Dakota and Colorado. 


MINERALS 


Euclase is a very rare mineral. 
Although it is attractive, it is 
too easily damaged to be used 
as a gemstone. 


he most attractive and expensive euclase is a 

pale aquamarine blue colour. 

It may also appear 
green or white or completely 
colourless. Its name means 
‘good cleavage’ in Greek. 

AY The photographs on this page show prismatic crystals of euclase with grooves 
Earliest discoveries (striations) along the faces. Both specimens come from Zaduca, Siberia (Russia). 
Euclase was first identified as 
a distinct mineral in 1792 by René-Just Haüy (1743- the truth of the matter, Brazil is now the world's 
1822), a distinguished French mineralogist and one of leading source of euclase. 
the founders of crystallography. 
The first specimens to reach Europe were thought The cut 

to have been mined in Peru. However, the original Although this mineral is rare, it is very unusual to see 
attribution may have been a mistake: subsequent euclase used in jewellery. This is because specimens 
prospecting has revealed no sources of euclase in break easily and cleanly when subjected to pressure: in 
that country and it seems more likely that Haüy's scientific terms, therefore, euclase is said to display 
specimens came from neighbouring Brazil. Whatever perfect cleavage. 


It is a silicate of aluminium and beryllium. Impure 
forms of euclase may contain traces of fluorine. The 
different colours of euclase are caused by the 
additional presence of small quantities of chromium, 
iron and vanadium. 

Crystals of this mineral conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. The finest specimens 
take the form of prisms, the longest of which have 

. been known to reach up to 7cm. The crystals usually 
have distinctive grooves (striations) running along 
. their surfaces. 

The most striking physical characteristic of euclase 

is its perfect cleavage (see main text). Most specimens 

. have a glassy sheen (vitreous lustre), but this 
sometimes changes to pearly along the cleavage 
surfaces. When it breaks, euclase produces surface 
patterns which resemble the shape of a seashell 
(conchoidal fracture). 

Euclase weighs just over three times more than 
the equivalent volume of water at room temperature. 


MINERALS | 


Because of the problems caused by its 
cleavage, euclase has to be worked very 
carefully when it is fashioned for 
ornamental purposes. It is occasionally 
cut in smooth, domed shapes called 
cabochons, or in square step cuts. (For 
an explanation of gem-cutting terms, see 


Discovery 9 and 11.) 


Similar minerals 

Colourless specimens of euclase may take 

on an artificial light or dark blue coloration when 
they are bombarded for long periods with gamma 
rays. This increases their already close resemblance 
to aquamarine. Among the other gemstones which 


sometimes resemble euclase are brazilianite, hiddenite 


and topaz. 


Weak pleochroism 
Some euclase specimens display a weak pleochroism: 
that is, they show a range of colours which may alter 


EUCLASE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: BeAISIO,(0H) 

Hardness: 77 

Density: 3.0-3.1 

Cleavage: Perfect 

Fracture: Conchoidal 

Colour: Colourless, whitish, pale green, pale blue 
Streak: White 


Lustre: Vitreous 
Fluorescence: None 


A A specimen of euclase from Siberia 
(Russia). 


4 This colourless specimen comes from 
Minas Gerais (Brazil). 


according to the direction of the light 

which illuminates them and the angle 

from which they are viewed under a 

microscope. (For a full description of 
pleochroism, see Discovery 59). 


Tests and treatment 
Euclase has a very clear and bright appearance and is 
usually devoid of inclusions. It is almost completely 
insoluble in acids and this means that dilute acids can 
be used to clean away any surface impurities without 
damaging the mineral itself. 

Euclase melts (fuses) with great difficulty and is 
thus said to have a very low sensitivity to heat. 


| and metamorphic rocks, especially granite 
pegmatites and mica schists. It is also found in 
| some alluvial sediments. 
The finest crystals of euclase come from Brazil, 
| where they are found in the following localities: 
Santa Isabel do Paraguassu (Bahia State); Ouro Preto 
| (Minas Gerais State); and Boa Vista (Roraima State). 
Specimens have also been discovered at Rauris 
near Salzburg (Austria); the Democratic Republic of 
the Congo; in the Valle Aurina in Bolzano (Italy); and in 
India, Russia, Tanzania and Zimbabwe. 
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Pectolite 


Most pectolite is found in cavities 
UNS in igneous rocks, especially 
JE basalt, and often 
occurs with zeolite minerals. 


ectolite is white or 
colourless. Its name 
comes from the 


Greek word pectos, 
meaning compact. It 
sometimes resembles 
the gemstone jade. 
Pectolite is 
occasionally used 
by the people of 
Alaska and northern * 
Canada (especially 
the Inuits living 
in Yukon) for shaping 
into ornamental 
objects, being carved 


A 4 Two geodes containing pectolite in association 
with acicular natrolite. Both specimens were found 
in Trento (italy). 


CHARACTERISTICS 


Pectolite is a member of the silicate group of 
minerals. It is made up of the metallic elements 
calcium and sodium together with the non-metals 
hydrogen, silicon and oxygen. 

Crystals of pectolite conform to the triclinic system 
of symmetry. This is the least regular of the systems in 
which no crystallographic axis is the same length as 
any other and none of the axes is at right angles to 
either of the others. Pectolite often takes the form of 
fibrous aggregates or needle-shaped (acicular) 
crystals which radiate outwards from a central hub. 

Specimens of pectolite will split along their 
weakest planes when they are struck with a hammer 

into small statuettes or polished to make beads or exposed to similar forms of pressure. This property 
and pendants. is known as cleavage. 

However, pectolite is not normally used as a The sheen (lustre) of pectolite may vary according 
gemstone. This is because it is too soft to be used for to the habit of the specimen. Fibrous specimens tend 
most types of ornamentation. All specimens must be to be silky, while crystal forms of the mineral have a 
very carefully handled because they will not withstand glassy (vitreous) lustre. 

a great deal of wear and tear. 


Widespread mineral 


Tests and treatment 

When viewed under ultraviolet light, some 
specimens of pectolite may give off an orange-red 
fluorescence. This distinctive coloration may 
sometimes persist after the light has been 
switched off: the scientific term for this effect 

is phosphorescence. 

When pectolite is heated, the hydrogen and 
oxygen which form part of its chemical structure 
combine to form water which can be clearly seen 
condensing on the inside of a test tube. 

Pectolite is easily damaged, and the safest way to 
clean it is by the use of ultrasound. However, most 
amateur mineralogists will not have access to the 
advanced equipment necessary to carry out this form 


PECTOLITE 


Group: Silicates 
Crystal system: Triclinic 

Chemical formula: Ca,NaSi,0,(0H) 
Hardness: 44-5 

Density: 2.7-2.9 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, colourless 
Streak: White 
Lustre: Silky when fibrous, otherwise vitreous 


Fluorescence: Orange-red 


ORIGINS and 
DISTRIBUTION 


Pectolite is mainly found in cavities 
in basalts and other igneous rocks, 
usually occurring in association 
with zeolite minerals. Elsewhere, 
minor veins are sometimes found in 
lime-rich metamorphic rocks whose 
composition has been altered by 
the action of heat and pressure. 
Pectolite is mainly found in the 
following locations: Australia; Tyrol 
(Austria); Ontario and Quebec 
(Canada); the Dominican Republic; 
Greenland; Trento (Italy); Japan; 
Russia; Scotland; Sweden; and 
Alaska, New Jersey and New 
York (USA). e 


A 4 Tufts of pectolite with natrolite 
and apophyllite (Trento, Italy). 


4 Prismatic pectolite crystals (Jeffrey 
Mine, Asbestos, Canada). 


of cleaning: in that case, they should wipe the surface 
of any pectolite specimens carefully using a light brush 
lubricated with a small quantity of distilled water. 


Similar mineral 

Pectolite is commonly found in association with 
natrolite and often superficially resembles that mineral. 
The main differences between them are that pectolite 
is in the triclinic system of crystal symmetry, whereas 
natrolite is orthorhombic. With a hardness of 44-5, 
pectolite is slightly softer than natrolite, which 
measures 5—5/ on the Mohs Scale, while the density 
of pectolite is greater than that of natrolite. Pectolite is 
white or colourless, while natrolite may also be reddish 
or yellowish. 


Amber is formed from 
the fossilised resin of 
coniferous trees. 


mber is usually yellow to brown in colour but 
A» also be black, reddish or orange. Some 

amber contains perfectly preserved specimens 
of animals which became trapped in the resin before it 
solidified. These include insects, frogs, lizards and 
toads, many species of which are now extinct. 

The best amber is transparent and such pieces are 
used to make beads and amulets, rosaries and religious 
figurines, furniture panels and a wide range of 
ornaments. Some of the finest Chinese vases are 
made of amber. 


The cut 
Amber may be fashioned into a variety of shapes by 
skilled craftsmen. The smooth, domed cabochon is a 
particular favourite. 
Large pieces of amber 
which include clearly 
visible fossilised animal 
remains are valuable in 
themselves without any 
treatment. Among other 
inclusions are bubbles of 


> A semi-transparent oval 
gemstone. Note the typical 
yellow-orange colouring. 


FACT FILE 
AMBER 


Group: Organic material 


Crystal system: Amorphous 


Chemical formula: Fossil resin close to C;)H;,0 with some H;S 
Hardness: 2 

Density: 1.05-1.10 

Cleavage: Absent 

Fracture: Conchoidal 

Colour: Yellow, brown, black, orange, reddish 

Streak: White 

Lustre: Resinous 


Fluorescence: Bluish-white or green 


' GEMSTONES 


A A nodule of amber from the Baltic Sea. Specimens like 
this may be found washed up along many shorelines in 
northern Europe. 


air, leaves and other small pieces of plant material. 
However, such specimens represent only about 

15 per cent of all the amber obtained each year. The 
remaining specimens are small fragments. 


Treatment and lookalikes 

Cloudy amber can sometimes be cleared by heating. 
Small pieces of amber which would be unusable on 
their own can be fused together under pressure to 
produce a substance known as ambroid or pressed 
amber. Some examples of this are very attractive, but 


CHARACTERISTICS 


Because amber is a substance of organic origin, its 
chemical make-up is very variable. However, it always 
contains carbon, hydrogen and oxygen together 
with some hydrogen sulphide, a gas which, when 
released into the atmosphere, gives off a distinctive 
smell of rotten eggs. 

Amber is only slightly heavier than water. It floats, 
and this accounts for its wide distribution along 
coastlines far away from the site of its original 
formation. 

When amber is placed under long-wave 
ultraviolet light it commonly displays a bluish- 
white fluorescence; by contrast, when it is exposed 
to short-wave radiation, its fluorescence tends to 
be green. 

Amber is extremely sensitive to heat. It starts to 
soften at about 150°C and melts at about 250°C. 


Organic material 


they are not as beautiful as real amber. Many synthetic 
and naturally occurring substances can be made to 
resemble amber, and some of the best imitations can 
only be identified with the aid of advanced technology. 
Plastic, glass and synthetic resins are sometimes used, 
but these can be differentiated from genuine amber 
because of their greater density. 

Another common substitute is copal, a yellow, red 
or orange hard resin obtained from tropical trees. The 
superficial resemblance of copal to amber is very 
striking, but copal is damaged by immersion in certain 
chemicals, whereas amber is not. 


Amorphous substance 
For many years, amber was thought to have no 
crystalline structure at all. This is generally true: in 


A Rough amber from the 
Baltic Sea. The red 
coloration is caused by 
surface oxidation. 


> A transparent amber 
gem with a perfectly 
preserved insect. 


trees becomes fossilised in the Earth. 

The world's foremost amber deposits are found 
along the Baltic coast in Germany and around 
Kaliningrad in Russia. Specimens from these sites are 
carried vast distances by the sea and may be washed 
up as far away as Denmark, Norway and the east coast 
of England. 

Baltic amber is sometimes known as succinite; 
amber from Sicily (Italy) is called simetite; amber 
from Myanmar (Burma) is known as burmite. Amber 
is also found in many other countries, including the 
Dominican Republic, France, Mexico, Romania and 
the USA. 


scientific terms, most amber is accurately described as 
an amorphous substance. However, recent X-ray 
analysis has revealed that some fossilised resins do 
have crystalline components. 


History 
Amber has been known for thousands of years, and 
when it was first discovered no one knew exactly how 
it formed or where it came from. Most of the old 
theories about its origin now seem amazingly far- 
fetched. Some thought it was related to ambergris, 
the waxy fluid secreted by sperm whales and, like 
amber, often found in the sea. Others believed that 
amber was made from sunrays which had condensed 
and solidified at dusk (hence the golden colour). 
Some civilisations believed that amber was formed 
from lynx urine. 

The Greeks noticed that amber would acquire 
a charge of static electricity and attract dust when 
rubbed with a cloth. Although this is scientifically 
accurate, many other supposed properties of amber 
are unfounded. It was believed to have therapeutic 
properties in the 
treatment of diseases of 
the respiratory tract and 
nervous debility. It was 
also thought to give 
courage and was 
sometimes presented to 
Roman gladiators before 
they entered the arena 
to fight. Some believed 
that it offered 
protection against fire 
and water and was a 
particular safeguard for 
unborn babies. 


4 A specimen of Burmese 
amber measuring 50cm 
across. 


ORIGINS and DISTRIBUTION &%, 


Amber is formed when resin secreted from coniferous | 
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DISCOVERY. 03 


Crystal growth 


Crystals grow in many different geological environments under different 
conditions. Some form at very high temperatures and pressures deep within 
the Earth's crust, while others form on the Earth's surface. 


from which mineral molecules develop to make 
crystals are in solution in a liquid. This may 

be red hot magma or lava, hydrothermal fluids 

or sea water. 


Į: most cases of crystal formation, the atoms 


Growth from magma 
Magma has been described as a silicate melt which 
exists deep in the Earth’s crust. It rises under the 
influence of pressure and can invade and break 
through strata near the surface. If it reaches the 
surface it becomes lava. As magma rises and cools, 
the atoms it contains combine to form minute 
crystals of minerals. When more atoms join to these 
‘embryo’ crystals, they develop a more obvious 
crystal shape. 

Different mineral crystals form at different 
temperatures. At very high temperatures, crystals of 
olivine and pyroxene form. Gradual cooling of the 


magma leads to the formation of hornblende 
crystals, followed at the lowest temperatures by 
quartz and mica. 

Rocks formed from the cooling of magma are 
called igneous rocks. In some igneous rocks the 
crystals can be a few centimetres across, but in other 
igneous rocks the crystals are too small to be seen 
even with a hand lens of magnification 10x. 

These different sizes are due to the speed at 
which the magma cools down. If it cools slowly, 


A Elbaite from Mesa Grande, California, USA. The 
different colours appeared at different phases of 
its growth. 


4 Amazonite with albite. The differences between 
these two similar minerals is dictated by the different 


temperatures at which they crystallised (Colorado, USA). 
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Crystal growth 
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A Crystals of beryl with fluid inclusions. 


A The different colours of these topaz specimens have 
been determined by the physical conditions in which 
they formed. 


which can happen in a very large magma body at 
considerable depth, there is time for the crystals to 
grow to considerable size. If the magma is erupted on 
the surface as lava, it will cool rapidly and only tiny 
crystals will have time to develop. 

Some igneous rocks have a most attractive texture 
where large, well-formed crystals are set into a mass of 
smaller ones. This is called a porphyritic texture. The 
crystals in such rocks must have formed in a special 
way which can be explained by considering how they 
grow from magma. The large crystals needed a while 
to form, so this means the magma will have remained 
at the optimum temperature for their development for 
some time. The magma then cooled rapidly to create 
the mass of small crystals surrounding the large ones. 


Growth from hot water 

Many of the finest crystals occur in mineral veins. 
These are often fault lines along which there are 
masses of broken rock. Hot fluids — hydrothermal 


solutions — rise through these fractures, and as they 
cool and pressure is lowered, crystals form on the 
surfaces of the rocks in the fault. These solutions 
contain the elements from which the crystals of many 
sulphide minerals form, including cubic galena and 
pyrite, as well as prismatic crystals of calcite and 
quartz. Because there is often much space in fault 
zones, the crystals formed here can grow to 
considerable size. 


Growth from cool water 

Crystals of minerals like halite and gypsum grow from 
solutions at ordinary temperatures and pressures. Sea 
water is a solution which contains many potential 
crystal-forming elements including sodium and 
chlorine. If a body of sea water begins to dry out, the 
solution becomes saturated and crystals of halite (rock 
salt) will develop. When table salt is dissolved in cold 
water a clear solution is the result. If this is tipped into 
a shallow tray and left to dry out, perfect cubic crystals 
of rock salt will form. 
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A Crystals can be grown artificially in crystal 'gardens'. 
The medium in which they grow is a saturated solution 
of sodium silicate or water glass. Here, the light blue 
crystals are copper nitrate; the white crystals are 
magnesium nitrate. 


This is called bedding or stratification, and each stratum (layer) 
represents the surface on which sediment was deposited. 


edimentary rocks are formed on or very near the 

surface of the Earth. The processes which create 

them can be observed happening today and it is 
possible to interpret ancient sedimentary rocks by 
using the geological principle that says 'the present is 
the key to the past’. Fossils are found in sedimentary 
rocks, giving palaeontologists their evidence of past life 
forms. 


Sedimentary rocks can be divided into three 
main groups. The most common are the detrital or 
fragmental sedimentary rocks. These are formed by the 
weathering and erosion of pre-formed rocks, and the 
transportation and deposition of the fragments. 

Weathering occurs in situ, that is, with no 
movement involved. It breaks rocks down by, for 
example, the action of water expanding when it freezes 
in joints or pores; by the heating and cooling of rock 
surfaces; and by the work of tree roots and of 
burrowing animals. 

Erosion of rocks occurs in a moving system. This 
might be the bed of a river, the sea shore, in and along 


A sedimentary limestone pavement above Malham 
Cove in Yorkshire (England). 


the side and base of a glacier, or by the effect of wind- 
blasting in an arid climate. 

The particles broken off by these processes are 
carried by water, ice or the wind and deposited, 
possibly many miles from their origin, often in the sea. 
(Sedimentary particles deposited on land are often 
only removed again by further erosion.) In the sea, 
layers of mud, sand and pebbles build up in a strict 
sequence. The largest fragments (the coarsest) are 
deposited on the beach or near the shore, while the 
smallest particles (the finest) can be carried out into 
the deep ocean before settling on the sea bed and 
accumulating as deep sea mud. 

With time, the soft, loose sediment becomes 
rock through a number of processes. The grains are 
compacted as the weight of sediment above them 
increases. This can also cause the edge of the grains to 
dissolve so they fit closer together. New minerals can 
be deposited between the grains. Quartz, calcite and 
iron oxides are common here, and these act as cement. 
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Sedimentary rocks 


Oolitic limestone, made from tiny concentric 
concretions of calcite held together by calcite cement. 


The detrital or fragmentary rocks include shale and 


mudstone, sandstone, conglomerate and breccia. 


Many sedimentary rocks are made from organic 
matter. This may be the remains of shellfish and 
corals or plant material. Many types of limestone (a 
sedimentary rock rich in calcite, CaCO,) are formed 
by the accumulation of shell fragments, especially 
those of molluscs. These are deposited in strata on the 
sea bed, and around the fragments there is usually a 
matrix of hardened lime mud. 

Coral limestones may contain fossilised corals as 
well as a wealth of other fossils such as brachiopods, 
trilobites and molluscs, which represent the fauna that 
lived on the ancient coral reef. Crinoidal limestone is 
another common biogenic rock. Crinoids are plant- 
like creatures related to starfish and sea urchins. They 
have a slender ‘stem’ made of numerous small rounded 
sections called ossicles. When the crinoid dies, its 
‘stem’ readily breaks into the individual ossicles and 
these become heaped up on the sea bed to form banks 
of sediment, which is cemented together to form 
limestone. Chalk — a white, soft, very pure limestone — 
is made of the remains of countless minute organisms, 
especially coccoliths. 

Coal is a biogenic sedimentary rock, formed from 
the remains of forest trees and other plants, the 
remnants of which accumulated to form peat. 
Gradually, because of the heat generated when this 
peat was buried beneath thousands of feet of other 
rocks, the impurities and water were removed and the 
carbon content increased to make coal. 


The third main type of sedimentary rock is formed by 
chemical processes. Chief among these rocks are the 
evaporites. When a marine lagoon is cut off from the 
sea, possibly by the deposition of a sand bank, it will 
begin to evaporate. As this happens, the dissolved salts 
are precipitated and deposited on the bed of the 
lagoon, along with mud and sand. The least soluble 
mineral, which is often gypsum, is deposited first, 

in distinct strata. Halite (rock salt) is formed next, 
followed by sylvite (potash rock). Deposits of this 
type, as found deep beneath the bed of the North Sea 
off the coast of north-east England, can be of great 
economic importance. 

Oolitic limestone is formed by the chemical 
precipitation of calcite around minute sand grains or 
shell fragments. This happens best in shallow, agitated 
sea water like that around the Bahama Banks at the 
present time. Oolitic limestones which formed during 
the Jurassic period, over 150 million years ago, were 
probably deposited in a very similar environment. 


Within and on sedimentary strata are structures 

and patterns which give geologists clues as to where 

and how the rock was formed. On mudstone and 

sandstone strata, ripples occur, just like those on the 

modern shore, as do mud-cracks. Mud-cracks can only 

form when the sediment surface is drying, out of the a 
water, and ripples form in shallow or shore-line 
environments. 

Cross-bedding, where the strata are curved and cut 
off when seen in cross-section, is a feature formed by 
deposition in a moving current of water, or wind. 
River, delta and dune sediments often show this. 


consolidated grains of sand. 
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= Identifying minerals II 


Whenever they find a new specimen, mineralogists will perform a series of 
simple tests to confirm its identity. These tests are usually aimed at verifying the 
type of information contained in the Treasures of the Earth Fact Files: hardness, 
density, colour and lustre, for example. Unfortunately, some minerals 
may not be easily recognised by these methods. Mysteries like these can sometimes 
be solved by visiting a museum and seeking expert advice. 


to each other. Some specimens of argentite, is lead sulphide. 
for example, may closely resemble galena, The differences between minerals are usually 

even though the two minerals are chemically quite identified by means of various complicated tests 
using sophisticated 
instrumentation, and it is 
sometimes very difficult for 
amateurs to analyse the 
exact composition of their 
specimens without reference 
to external sources. 

As we have seen in 
The Art of Collecting 27, 
good reference books are 
indispensable aids to 
mineralogical research, but 
even they may lack essential 
information. Many of the 
mineral specimens that 
amateurs acquire, both from 
their own field trips and 
from dealers, may not bear a 
convincing resemblance, or 
in some cases any similarity, 
to those shown in the colour 
photographs. 

In cases like this, 
much can be learned from 
studying the mineralogical 
collections in museums. 

Such collections vary 
greatly in size and scope. 
The greatest in the world 
are probably in the USA, 
particularly those housed in 
the American Museum of 


N | any minerals bear a superficial resemblance different: argentite is silver sulphide, and galena 


4 The magnificent facade of 
the Natural History Museum 
in London. The museum is 
home to Britain's finest 

and most comprehensive 
collection of rocks, minerals 
and gemstones. 
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» The Geological Museum in London, 


which was integrated into the 


Natural History Museum in April 1985. 


Natural History in New York and at 
the National Museum of Natural 
History (part of the Smithsonian 
Institution) in Washington, DC. 


The Natural History 
Museum 


The greatest collection of minerals 
and gemstones in the British Isles is 
undoubtedly that in the Natural 
History Museum in London. Here, 


all minerals are painstakingly 


analysed using the most advanced 
and accurate scientific equipment, 
and no mineral will be exhibited 
unless the resident geologists have 
determined its identity beyond a 


SULPHATES 


shadow of a doubt. 
Although it is not 
permitted to handle 

the specimens, the 
opportunity to view them 
at close quarters can be 
very illuminating, and is 
usually more instructive 
than comparing specimens 


with photographs. 


Local history 
Amateur mineral collectors 
who do not have ready 
access to these great 
collections can still see 
fascinating mineralogical 
specimens in local 
museums all over the 
world. Although these 
tend to have a more 
limited range, they can be 
of even greater interest, 
particularly if they are 
museums of local history 
in mining areas. 

In the British Isles, for 
example, there are fine 
mineralogical museums 
in mineral-rich areas such 
as Cornwall, Cumbria, 


Derbyshire and 
Strathclyde. 


4 The Minerals Gallery in 
the Natural History 
Museum, London. 
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Sodalite 


Sodalite belongs to the cubic 

crystal system but rarely 

occurs as crystals, being 

usually found as small grains 
or irregularly shaped specimens. 


odalite is found in shades of blue and may also be 

green, grey, pink, white, yellow or colourless. Its 

name is a reference to its sodium content. The 
sodalite group of minerals contains lazulite, haüyne 
and nosean in addition to sodalite. These are all 
complex silicates which crystallise in the cubic system. 


Similar material 

Sodalite itself is one of the principal constituents of 
lapis lazuli, a precious rock which always includes 
lazurite and may also feature haüyne. Although 


CHARACTERISTICS 


iy 
Sodalite is a member of the silicate group of 
minerals. Each molecule is made up of the metallic 
elements sodium and aluminium, together with 
the non-metals silicon, oxygen and chlorine. 

Crystals of sodalite conform to the cubic system 
of symmetry and appear in 12-sided (dodecahedral) 
shapes, but these are extremely rare. More 
commmonly it occurs as irregular masses (massive 
habit) or in tiny grains. 

If sodalite is rubbed along a piece of unglazed 
porcelain, it will reveal a white streak. This is the 
colour that all specimens would be 
if they were reduced 
to powder. 


 — 


A An intense blue sodalite 
specimen which has been 
fashioned into the smooth, 
domed cabochon shape. 
Note the close resemblance 
to lapis lazuli. 


FACT FILE 
SODALITE 


Group: Silicates 

Crystal system: Cubic 

Chemical formula: Na;Al;Si40;;CI 

Hardness: 5-6 

Density: 2.14—2.40 

Cleavage: Poor 

Fracture: Uneven to conchoidal 

Colour: Blue, colourless, white, grey, 
yellowish, reddish, greenish 

Streak: White 

Lustre: Vitreous to greasy 

Fluorescence: Orange-red 


4 A massive specimen of blue 
sodalite in association with white 
alkaline feldspar (Dungannon, 
Ontario, Canada). 


Widespread mineral - 


sodalite and lapis lazuli are sometimes confused, 
sodalite has lower specific gravity and does not 
contain the brass-coloured specks of pyrite that give 
lapis lazuli its distinctive sparkle. 

With a hardness of 54-6 on the Mohs Scale, 
sodalite is about as hard as a steel knife blade. It can 
be scratched by a specimen of quartz (which has a 
hardness of 7). Its density is a little less than average — 
it weighs just over twice as much as an equal volume 
of water at normal temperatures and pressures. 
Sodalite is a brittle mineral and does not show 
good cleavage (the property of breaking along 
lines of weakness related to a mineral’s 
atomic structure). 


Used as gems 

Although sodalite can be used 
as a gemstone, gem-quality 
specimens are very rare. Most 
of these are massive and are 
polished into ornamental slabs. 
Smaller specimens are cut into 
beads and smooth, domed 
cabochons. 


Tests and treatment 
Sodalite is similar to lazurite 
but the two minerals generally 


> The blue zone of this pegmatite 
rock is partly made up of blue sodalite 
(Ontario, Canada). 


A White sodalite in association with black augite 
(a silicate mineral of the pyroxene group). 

This specimen was found on the slopes of Mount 
Vesuvius near Naples (Italy). 


occur in different geological situations. Unlike 
lazurite, sodalite does not form in association with 


pyrite and often shows an orange-red fluorescence 
when placed under ultraviolet light. If immersed in 9 
hydrochloric acid, sodalite will dissolve and turn to 

a jelly — the scientific term for this effect is 

gelatinisation. 
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ORIGINS and DISTRIBUTION &€ 4) 


Sodalite occurs mainly in rocks that have formed from 
solidified magma deep in the Earth's crust (intrusive 
igneous rocks). 
It is particularly likely to occur in association 
with nepheline and cancrinite in alkaline igneous 
formations such as nepheline syenites. It may also 
form in silica-poor dykes and lavas. 

The world's most important localities for sodalite 
are in the following countries: Bolivia, Brazil, Ecuador, 
Greenland, Italy, Myanmar (Burma), Romania and 
Russia. In North America, sodalite occurs at Bancroft, 
Ontario (Canada) and in Arkansas, Montana and New 

-Jersey (USA). 
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Acids must be handled with 
care and should never be used by children- 
without adult supervision. Always wear 
protective clothing, including gloves and 
a face mask, and make sure that the room 
is adequately ventilated. 


I Lienite 


Lignite is a form of 
sedimentary rock which is 
used as a fuel in some 
parts of the world. 


ignite is usually 
brown in 
colour. Its F 


name derives from 
lignum, the Latin 
word for ‘wood’. 
It is chiefly 
composed of 
carbon, and is 
classified as a 
sedimentary rock. 
Lignite generally forms 
when the wood from fallen trees 
becomes compacted and heated by the 
pressure of sediment which forms in 

layers on top of it. Many lignite specimens 
retain the characteristic grain of wood. 


Low-grade coal 
Lignite is a variety of coal which forms at lower 
pressures and temperatures than either anthracite or 
bituminous coal. Chemically and physically, it is 
closely related to jet, which is cut and polished for 
ornamental use. 

Much of the Earth’s total coal reserves consists of 
lignite. Many deposits lie close to the surface in beds 


Lignite is a sedimentary rock of organic origin. It 
has a highly variable composition. However, it may 
generally be expected to contain about 60-75 per 
cent carbon, 20-35 per cent oxygen, 5 per cent 
hydrogen and 1-2 per cent nitrogen. Specimens of 
brown lignite may contain as much as 60 per cent 
water. Darker coloured lignite generally forms at 
higher temperatures and pressures than the brown 
variety. 

Many specimens of lignite reveal the fibrous, 
tissue-like structure of wood, the original material 
from which they formed. 


Y Atypical specimen of brown 
lignite. Note the resemblance 
to the bark of a tree. 


TA SS 
Lignite generally forms from wood and other decayed 
vegetable matter which has been lightly compacted 
and subjected to low heat close to the surface of the 
Earth. It also develops from the shallow burial of peat. 

Lignite is a sedimentary rock which occurs in strata 
(layers) among oher sedimentary rocks. 

The world's most important sources of lignite are 
found in Brazil, Canada, Germany and the USA. ; 


CEN 


of about 30m in depth and can be obtained fairly 
cheaply by opencast mining methods. 


Limited source of fuel 
Nevertheless, lignite has many limitations as a fuel 
source and is not widely exploited on an industrial 
scale. For example, when it is burned, lignite gives 
off less heat than either anthracite or bituminous 
coal and is thus less useful than either material as a 
source of fuel. In addition, lignite is difficult to 
transport because it crumbles easily and is liable to 
ignite spontaneously. Despite its disadvantages, 


however, lignite is a better fuel than peat, the lowest 
form of coal. 

In general, lignite is less tightly compacted and has 
a higher moisture content than all other forms of coal 
except peat. It crumbles easily: in scientific terms, it is 
said to be friable. When it is burned, it gives off the 
distinctive smell of coal. Many specimens are 
distinguished by readily visible plant material. 

Lignite is a relatively young rock which is in 
the process of turning from peat into coal. 
It will eventually become anthracite. 


> Black lignite from eastern 
Germany, where this form of 
coal was for many years 
mined more extensively 
than either anthracite or 
bituminous coal. 

Since the 

unification of 

Germany in 1991, 

however, gas and 
electricity have 
increasingly 

replaced lignite as a 

source of energy for 
domestic heating. 


A A protruding knife handle 
helps to pinpoint bands of 
lignite set in a deposit of 
siltstone. These rock strata 
originally formed more 
than 64 million years ago 
(Sussex, England). 
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! Spessartine 


arnet 


4 Spessartine is a rare form of 

i£ garnet which is sometimes used 
"4 asagemstone. However, it is 
Æ mainly of interest to collectors. 


pessartine is named after the Spessart Mountains 
in southern Germany, where it was first identified 


as a distinct mineral. An alternative name is 
spessartite. It is generally reddish in colour. Colour 
variations are caused by differing concentrations of 
manganese in the mineral. 


The cut 

Spessartine garnet is rare and brittle. Gem-quality 
specimens are most unusual and those few that do 
occur are very small, seldom weighing more than 
5—6 carats. 


As a result, spessartine is seldom used in jewellery 


but it is frequently displayed in mineralogical 
collections. When it is faceted, the preferred cutting 
angle is 40? along both the crown and the pavilion 
surfaces. (For an explanation of gem-cutting terms, 
see Discovery 9 and 11.) 


v Crystals of spessartine from Pakistan. The dark tones 


are caused by the presence of iron impurities. 


A A rough spessartine crystal and three cut gemstones 
(Brazil and Madagascar). 


dM i 1 LE 
Like all forms of garnet, spessartine is a member 
of the silicate group of minerals. It is a silicate of the 
metallic elements manganese and aluminium. | 

All garnets crystallise in the cubic system of 
| symmetry. Crystals tend to occur in 12-sided | 
(dodecahedra) shapes and may have grooves 
(striations) running along their faces. 

Members of the garnet group of minerals are 
considerably harder than average. Spessartine 
measures 7-7% on the Mohs Scale of hardness, 
slightly harder than quartz, which scores point 7. 
When it breaks, spessartine shows indistinct curved 
patterns (subconchoidal fracture) but it does not 
exhibit cleavage. 
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Rare mineral - 


A Yellow spessartine on white tremolite (Aosta, Italy). 


The garnet group 
The garnet group includes a number of minerals 
with many similar characteristics. They are silicates 
of various metals including iron, aluminium, calcium 
manganese and magnesium. Common garnets include 
pyrope, almandine and grossular — spessartine is a less 
common member of the group. 

As with other garnets, spessartine is an attractive 
mineral with a translucent or transparent appearance 
and a rich vitreous lustre. 


SPESSARTINE GARNET 
Group: Silicates 

Crystal system: Cubic - T : 
Chemical formula: Mn3AL(SIO;). 7 
Hardness: 7-7/ 

Density: 3.8-4.25 
Cleavage: None 
Fracture: Subconchoidal 
Colour: Red, orange, yellowish, browr 
Streak: White 

Lustro: Vitreous 


Fluorescence: None 


> An isolated crystal of spessartine on spodumene 
(Pakistan). 


Spessartine occurs in rocks formed from the cooling 

of magma or lava (igneous rocks) and in rocks which 
have been altered by heat or pressure (metamorphic 
rocks). It occurs mainly in granite pegmatites, 
rhyolites, gneisses, schists and metaquartzites. 

The source in the Spessart region of Bavaria 
(Germany) from which the first specimens were taken 
is now virtually exhausted. The best spessartine may 
now be found in the following countries: Brazil, Italy, 
Madagascar, Myanmar (Burma), Pakistan and Sri Lanka. 
In the USA, the leading occurrences are located in San 
Diego County, California, and in the Rutherford Mine 
at Amelia, Virginia. Ti 


used in jewellery because 
they are too fragile and soft. 


fitanite is so named because it contains the 

metallic element titanium. Its earlier 

name of sphene came from the Greek 
sphen, meaning ‘wedge’, and referred to the 
typical shape of its crystals. 

Titanite may be found in a wide range of 
colours. It is usually brown but may also be 
greenish, yellowish, grey, red, colourless or 
nearly black. 


Fiery gem 
The most striking characteristic of titanite is its strong 
fire: it disperses the seven spectral colours which make 
up white light as effectively as diamond. 

In addition to its fire, titanite may also show 
different colours depending on the direction of the 
light source and the angle from which the specimen is 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: CaTiSi0; 
Hardness: 5-57 

Density: 3.45-3.55 
Cleavage: Distinct 


Fracture: Subconchoidal 


Colour: Brown, grey, red, black, 
colourless, yellowish, greenish 

Streak: White 

Lustre: Adamantine to resinous 


Fluorescence: None 


> Wedge-shaped titanite 
crystals. 


Crystals of titanite (Formerly 
known as sphene) sparkle like 
diamonds, but they are seldom 


A The unusual colouring of this titanite is caused by the 
presence of iron and manganese impurities. 


viewed under a microscope. The general term for this 
effect is pleochroism, and titanite is thus said to be a 
pleochroic mineral. Some specimens display three 
colours and are described as trichroic. (For a fuller 
explanation of pleochroism see Discovery 59.) 
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Widespread mineral 


minerals. It is a silicate of the metallic elements 

calcium and titanium. 

Crystals of titanite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. They often form 
in pronounced wedge shapes and commonly grow 
together in the phenomenon known as twinning. 
Titanite crystals are often covered by ilmenite 
or rutile. 

| The colours of titanite are determined by the 
presence of various impurities. Yellow and brown 
varieties contain traces of iron; the rare pink variety 
is coloured by manganese; and the extremely 
unusual green form owes its appearance to traces 
of chromium. 

Titanite is pleochroic and some specimens show 
three distinct colours (trichroism) depending on the 
angle from which they are viewed 
under a microscope. These are 
variously pale yellow, greenish 
yellow and yellow-brown. 


Soft gemstone 


The optical properties of titanite are 
so striking that it would be one of the 
world's most precious gemstones if it were harder and 
more resilient to wear and tear. 

Unfortunately, however, it is fragile and fairly soft, 
scoring only 5-5% on the Mohs Scale of hardness, the 
same hardness as a steel blade. 


= 


AA An eight-carat titanite gem in rectangular cut 
with bevelled edges (Brazil). 


A Titanite crystals from Bolzano (Italy). 


» Wedge-shaped, twinned crystals of titanite 
(San Gotthard, Switzerland). 


Because of these shortcomings, titanite is not often 
fashioned into decorative gemstones. 


Ore of titanium L2 
Titanite is mined as an ore of the metal titanium 

where it occurs in sufficient quantities to make this 
economically worthwhile. Titanium has the advantage 

of being hard but also very lightweight, making it 

ideal for use in many situations, including aircraft and 

artificial hip joints. Titanium oxide is used in the 

manufacture of paint. 


Tests and treatment 

Titanite is soluble in some acids, notably dilute 
sulphuric acid, but surface impurities may be removed 
using weak, cold hydrochloric acid without damaging 
the mineral. 


Acids must be handled with 
care and should never be used by children 
without adult supervision. Always wear 
protective clothing, including gloves and 
a face mask, and make sure that the room 
is adequately ventilated. 


ORIGINS and DISTRIBUTION : 


Titanite can be a minor component of granites and 
syenites. These are rocks which originally formed 
deep below the surface of the Earth (igneous rocks). 

It also occurs in some metamorphic rocks, especially 
schists and gneisses. 

Specimens of titanite come from the following 
locations: Schwarzenstein and Rotenkopf in the 
Zillertal (Austria); Genoa, Novara, Sondrio and Turin 
(Italy); Midongy (Madagascar); Pino Solo, Baja California 
(Mexico); and Grisons and San Gotthard (Switzerland). 
In the USA, titanite is mined in California; Franklin, 
New Jersey; and at the Tilly Foster iron mine in = 
«Brewster, New York. 
is s 
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The word metamorphic means 'changed 
form'. Metamorphic rocks are those 
which have been changed from what 
they were originally. The changes can 
be brought about by direct heat from 
magma or lava, or by heat and pressure 
caused by burial and folding, or 
by stresses caused during 
large-scale faulting. 


hen rocks are subjected to great 

heat, this can give rise to contact or 

thermal metamorphism. The heat 
may come from lava erupted over them or \ gee 
magma intruded into rocks in the Earth’s crust. Hy 
Both lava and magma can be at temperatures of 
over 1000°C, and this affects different rocks in a 
variety of ways. 


The area altered by contact metamorphism is called 
the metamorphic aureole and its extent can depend 
on the size of the mass of igneous rock and the type 
of rock being heated. 

The rocks being affected by heating are referred 
to as the ‘country rocks’. A large granite batholith, for 
example, may have a metamorphic aureole many tens 
of metres wide, but a small dolerite dyke may only 
change the rocks up to a few centimetres away from it. 

Clay and shale are the type of rocks which are most 
easily affected by heat, and so the aureole in such rocks 
may be wider than that in sandstone or quartzite, 
which tend to resist heating effects. 

Fine-grained rocks such as shale, clay and volcanic 
ash are changed by contact metamorphism to a rock 
called hornfels. This rock is tough and flinty and can A typical example of gneiss which has been folded 
contain garnet, andalusite, cordierite and pyroxene — and refolded by pressure (Loch Duich, Scotland). 
all minerals created by the effects of heat. 

Sandstone is altered to metaquartzite, which differs minerals like brucite and olivine form, giving marble 
from sandstone mainly in its texture. The quartz grains its coloured veins and banding. 
in the sandstone grow and fuse during heating to 
produce a rock lacking the pore spaces of sandstone. 

Limestone is metamorphosed to marble. A similar As the name for this type of metamorphism suggests, 
textural change occurs here, but new metamorphic regional metamorphism can occur over wide areas of 
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Metamorphic rocks 


Slate, a typical metamorphic rock formed under low 
heat and pressure (North Wales). 


the Earth's crust. Both temperature and pressure affect 
rocks during regional metamorphism, though they 
vary considerably in their influence. 

Changes occur mainly during orogenesis 
(mountain building). Around the margins of a 
mountainous region only slight metamorphism occurs, 
as temperatures and pressure are very low. Fine grained 
sedimentary rocks, like clay and shale, are possibly the 
only rocks affected and they are metamorphosed to 
slate, a rock characterised by its planes of 
cleavage. These are surfaces running 
through the rock along which it splits, 
and this feature has been exploited 
industrially to make roofing slate. Slaty 
cleavage is caused by the alignment 
of flaky minerals, like mica, during 
metamorphism. Slate may also contain 
quartz and feldspar in addition to 
metamorphic minerals like pyrite and 
chiastolite. This type of metamorphism 
is called low grade regional 
metamorphism. 

As rocks are subjected to higher 
temperatures and pressures, so more 
rocks are affected and the changes in 
them become greater. Medium grade 
regional metamorphism, when 
temperatures and pressures are 
moderate, produces schist. This is a 
medium-grained rock characterised by 
much mica. Other minerals include 
quartz and feldspar, and the 


metamorphic mineral garnet is common. Some types 
of schist, such as garnet schist and cyanite schist, are 
named after characteristic minerals. Schist has a wavy 
banding (foliation or schistosity) running through it, 
often with masses of mica crystals on the surfaces. 

At the highest temperature and pressure 
conditions all rocks are altered by high grade regional 
metamorphism. Gneiss is the rock produced under 
these conditions and this rock typically has alternating 
dark and light bands running through it. These are 
created by a separation of low and higher density 
minerals during metamorphism. The pale bands are 
rich in quartz and feldspar; the dark bands contain 
mica (biotite) and hornblende. Gneiss is a very 
coarse-grained rock — the minerals are easy to see. 
Often the extreme folding of the bands in gneiss 
gives the impression that the rock was almost fluid 
when formed. 

Migmatite is a rock related to gneiss and contains 
areas of basic and acid composition, often with 
extreme folding. As temperatures and pressure 
increase, melting can take place and magma is then 
produced very deep in the roots of mountain chains. 


When faulting occurs on a huge scale, the rocks near 
the fault plane are changed. Thrust faulting happens 
when one mass of the Earth’s crust is pushed over 
another, along a gently sloping surface, and here the 
metamorphic rock mylonite is formed. 

Mylonite is made of powdered and ground-up rock 
which was produced during fault movement. This 
material is often bound together by minerals formed 
after fault movement. The rock is recognised by its 
streaked out appearance containing small lens-shaped 
masses of minerals. 


This rock formation was formed through the metamorphism of shale 
(Grantown-on-Spey, Scotland). 


France occupies an 
area of 547,026 sq. 
km. It is the largest 
country in western 
Europe and is 
bordered in the north 
by the English 
Channel, in the west 
by the Atlantic Ocean, 
in the south by 

Spain and the 


Amorican Massif 
Brittany 


Bay of Biscay 


Mediterranean Sea, in 
the southeast by 
Switzerland and Italy, 
and in the northeast 
by Germany, 
Luxembourg and 
Belgium. 


antimony, lead, lignite, magnesium, pyrite, 
tungsten and zinc. However, iron ore, bauxite 
and, to a lesser extent, salts, have until recently formed 
the major part of the nation's underground wealth. 
For many years, France was able to satisfy all 
its iron ore needs from the plentiful reserves in 
Normandy and Brittany. This was in spite of the fact 
that the ore had an iron content of only about 30 per 
cent. By the 1980s, however, annual production had 
declined to 20 million tonnes from a peak of 59 
million tonnes in 1959. Since then, it has become 
necessary to import cheaper iron ore. Now only about 
three million tonnes are mined annually in France. 
Bauxite — the prime ore of aluminium — was named 
after Les Baux in the lower part of the Rhone valley. In 
the 1970s Pechiney, the leading aluminium production 
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company, developed a new bauxite operation near 
Mazanges in Var, Provence. 

Nevertheless, like iron ore, bauxite production has 
declined. Until the 1980s, mines in Var and Herault 
supplied up to three million tonnes of bauxite per 
annum. By the 1980s, however, cheaper and purer 
bauxite had become available from Africa and 
Australia, with the result that annual production 
declined to 1.7 million tonnes. By the 19905, 
production had fallen to only 550,000 tonnes. 


Salts and potash 

Salts are important to Frances chemical and fertiliser 
industries. Above all, the reserves of rock and sea salts, 
together with potash from the southern region of 
Alsace, have been particularly important to French 
industry. By the late 1980s, however, potash reserves 
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were close to exhaustion, with less than one million 
tonnes being produced per annum. 


Rare minerals 

As well as the more common resources, France is also 
rich in rarer types of mineral. Libethenite, for instance, 
is a phosphate of copper which is found at Montebras 
in the Central Plateau. Another rare find is autunite, 
which is named after the town of Autun, and which is 
mined and exploited for its uranium content. It 
comprises yellow-green crystals and is radioactive. 


Other minerals 

Olivenite is found as a secondary mineral in oxidised 
zones of copper-bearing deposits. The world's main 
source of this mineral is found in clusters in the mines 
of Cap Garonne in Var department. 

Azurite is found in small quantities at Chessy and 
in Var. Axinite — so called because of its distinctive axe- 
shaped crystals — is found at Bourg d'Oisans and at 
Isère in the Rhone-Alpes region. 


Energy resources 

France lacks the natural resources required to fuel its 
widespread industries: in particular, there is too little 
coal, crude oil and natural gas for self-sufficiency. The 
country's coal deposits are relatively small, and there is 
very little anthracite. The main French sources of both 
these fossil fuels are mined in the north-east, especially 
in the Pas de Calais basin and Lorraine. By the 1980s 
only 17 million tonnes of coal were being mined each 
year. Mining is difficult largely for geological reasons 
(the coal is too deep). As a result, France now imports 
60 per cent of its coal. Although there are some small 
deposits in the south-west, most French oil is 


> A steel mill at Dunkirk, close to the nation's main 
iron ore fields. 


«An ochre cliff at Luberon. 
Ochre, composed of clay 
and ferrous oxide, is used 


imported. Likewise, 
natural gas is in short 
supply. Small amounts 
were extracted from a 
deposit near Lacq in the 
south-west of the country 
until the late 1990s. 


Other sources 

of power 

There are, however, two 
energy sources that 
remain important in 
France: hydroelectricity 
and nuclear power. There 
are power-producing 
dams in the Alps, Pyrenees and Massif Central regions, 
and on the rivers Rhone, Durance and Rhine. By the 
1980s, about 30 per cent of the country’s electricity was 
being produced in this way. The nuclear industry had 
also become important by the 1980s due to the large 
reserves of uranium ore. By the 1990s, only the USA 
was producing more electricity from nuclear power. 


to make an artist's pigment. 
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s Identifying minerals III 


Amateurs can learn a great deal about minerals by studying 
the magnificent collection in London's Natural History Museum. Here we look 
at some of the treasures that are housed there. 


p | The Natural History Museum houses a total 
of 655,000 geological specimens. Of these, 
330,000 are minerals and gemstones and 

250,000 are rocks of various types. Some 30,000 


samples have been taken from the sea bed and 
represent a wide range of red oozes and muds 
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from the deepest ocean floors. The museum is also 
home to the world’s largest collection of meteorites, 
with 3,200 specimens. 


The extremes of the collection 
The largest single crystal on display is a piece of quartz 
from Madagascar which is 80cm long. The largest 
gemstone is a topaz weighing 2,000 carats (400g). The 
museums heaviest specimen weighs 3.5 tonnes, and 
the alarming thing about it is that it fell from the sky. 
This is the meteorite named Cranbourne after the 
place in Victoria, Australia, where it was found in 
1854. Until August 2007 Cranbourne was displayed 
in the Museums Meteorite Pavilion, but when more 
space was needed there, the meteorite was moved to 
the Red Zone of the Today and Tomorrow gallery in 
the main building where it can now be seen. 

The smallest mineralogical specimen in the Natural 
History Museum is also a meteorite — or, rather, a 
tiny particle of cosmic dust measuring only 25 microns 


A The geological displays of the Natural History 
Museum in London. 


* A general view of the imposing entrance hall. 
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» Apart from the Natural 
History Museum in London, 
there are many other 
museums which have 
magnificent collections of 
minerals and gemstones. 
Some, like the Smithsonian 
Institution in Washington, 
DC, USA (shown here), 
display specimens 
gathered from all 

over the world. 
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4 Other museums specialise in local treasures of the 
Earth. These cut diamonds are on show at the Museu do 
Diamante in Minas Gerais State, Brazil, close to the site 
where they were originally mined. 


(25 millionths of a metre) in diameter. The museum 
has a further 5,000 micrometeorites, all collected from 
ice in the Antarctic. These are not on display but 
carefully preserved in two small bottles in a freezer. 


Type specimens 

The Natural History Museums rarest mineral sample 
is an uncut crystal of painite (chemical formula 
CaZ:1BALO;;), one of only three specimens in the 
world. This is the so-called type specimen — the 
yardstick against which any newly discovered mineral 
thought to be painite is tested for authenticity. 

The Natural History Museum has many other 
type specimens. One of the most important of these 
is the Wold Cottage meteorite which fell to Earth in 
England in 1795 and became the first meteorite 
proved to be extraterrestrial in origin. 

Type specimens are always looked after with 
particular care since academic disagreements over 
mineral classification can frequently only be solved 
by comparing the disputed material with the 
definitive piece. 


Priceless collection 

A large number of the Natural History Museum's 
mineralogical specimens are irreplaceable and therefore 
priceless. Even if it were possible to put a value on the 
whole collection, the market price of minerals and 
gemstones fluctuates so much that it would very soon 
be meaningless. 

The main importance of this immense collection is 
not financial but scientific: it is used extensively by 
visiting researchers from all over the world and by 
more than 40 in-house scientists who work full time in 
the museums Mineralogy Department. The research 
topics on which these academics are engaged vary 
greatly, but one of the most important is the 
continuing investigation into the formation of the 
solar system. This project involves close study of the 
museums vast collection of meteorites. These rocks 
contain a wealth of often unique material which 
provides vital information about the earliest stages of 
development of the solar system. 

Another current project is devoted to examining 
the processes involved in the formation of ore bodies 
and the determination of their economic value. 
Scientists at the Natural History Museum are also very 
closely involved in monitoring the environmental 
impact of worldwide mining operations and looking 
for ways to minimise the damage caused by industrial 
excavations. 


Reference source for amateurs 

In addition to being an indispensable reference source 
for advanced researchers, the mineralogical collection 
in the Natural History Museum is also of enormous 
interest and value to amateurs and beginners. A browse 
around the specimens displayed there provides the 
perfect introduction to the fascinating world of 
minerals and gemstones. Even though the museum's 
displays remain strictly under protective glass coverings 
and cannot usually be handled by visitors, it can still 
be very useful to see mineralogical material close up. 
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GEMSTONES 


Emerald 


Emeralds are one of Earth's 
most precious gems. 
They are rarely flawless, 
however, and are often 
filled with oil to disguise 
imperfections. 


It is one of Earth's most precious gemstones and 

emeralds are much in demand for jewellery and 
decoration. However, many of them have flaws in the 
form of small cracks and these are often disguised by 
immersing the gemstones in a light vegetable oil, 
which fills up the cracks so they become invisible. The 
most outstanding emeralds come from Colombia. 


Myths and legends 

Emerald often crops up in myths and legends. It was 
said to be the gem that Lucifer lost from his forehead 
when he was cast out of Paradise, and it was also the 


E merald is the green variety of the mineral beryl. 
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A Three cabochons of 
emerald. Two of the gems 
have been engraved. 


stone from which the Holy Grail was supposedly 
fashioned. The emerald stone was considered to be a 
powerful talisman, capable, among other things, of 
restoring the sight of the blind, and of protecting the 
wearer against snake bites. 

Emeralds were discovered in the New World in 
1537 during the Spanish invasion of Colombia by 
Gonzalo Jimenez de Quesada. The Spanish sold the 
emeralds they had mined there to the rulers of the 
Mughal and Ottoman Empires, who saw in the green 
stones visions of the gardens of Paradise. Ironically, 
emeralds had first been mined closer to home in 
Upper Egypt around 1650 Bc. 


CHARACTERISTICS 


Emerald is the intense green variety of beryl, a silicate 
of aluminium and beryllium. 

Other forms of beryl include aquamarine (blue), 
heliodor (yellow) and morganite (pink). The emerald's 
green colour comes from the presence of the metals 
chromium and vanadium in the beryl structure. 

Emerald has a glassy, shiny appearance, and when 
closely examined shows the yellow and blue tones 
that combine to make up the dominant green. 

Many emeralds are flawed and cloudy, and emerald 
crystals are often brittle and cracked. The colour is 
normally distributed in irregular or parallel zones on 
the main faces of the crystal. 

Because perfect specimens are rare, a flawless 
emerald with a rich, deep green colour is one of the 
most highly-prized of all the precious gemstones. 

Emerald is very hard: it registers 74-8 on the Mohs 
Scale of hardness. It is also difficult to melt. Rounding 
off the edges of small fragments is about the most 
that burning will achieve. 


4 Intense deep green emerald crystals on a bed of 
calcite, from Colombia. 
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4 Hexagonal 
greenish beryl 
crystal. 


found in some metamorphic rocks. 


Among the principal sources.of the precious gemstone are 


the mines of Muzo, Chivor and Coscuez in Colombia, and the 


> Emerald in a 
rectangular 
step cut. 


v Emerald crystal 
from Columbia. 


Disguising flaws 

Because they are so rarely flawless, emeralds are cut 

in a special way to hide their imperfections. The so- 

called emerald cut (a variant of the step cut) was 

devised to accentuate the gemstones finest 

qualities. The gemstone is fashioned in the outline of 

a square, oblong or baguette (a long rectangle) before 

being given a series of facets along the outer edge. 
Grossular garnets and some green tourmalines 

are the gems that most resemble 


EMERALD 


Group: Silicates 

Crystal system: Trigonal 
Chemical formula: Be3ALSi;0;; 
Hardness: 74-8 

Density: 2.6-2.9 

Cleavage: Imperfect 


Fracture: Uneven to conchoidal 


Colour: Green 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


A A brooch 
with emeralds 
and diamonds 
mounted on a 
filigree of gold. 


Bahia, Minas Gerais and Goias mines in Brazil. Other 
important emerald-producers are Pakistan, 
Russia, South Africa, Zambia and Zimbabwe. 


v Emerald cut 
in cabuchon style. 


A Brazilian emerald in a 
rectangular step cut. 


emerald in colour, but emerald is also frequently 
confused with minerals such as green chalcedony, 
quartz, amazonite, fluorite and diopside. 


Distinguishing marks 

One of the main ways in which true emeralds can be 
distinguished from minerals of a similar appearance 
is by considering the property of hardness. Emerald is 
considerably harder than any similar mineral. It also 
contains certain characteristic impurities. These are 
particular to emeralds and are often unique to 
gemstones that come from a specific location. 

Some emeralds contain what are known as ‘three 
phase inclusions’: a liquid droplet, a gas bubble and a 
cube of rock salt. Nearly all true emeralds from Brazil 
contain calcite or pyrite; South African and Russian 
emeralds almost always contain the mineral mica. 

In addition to all the natural minerals that emeralds 
may be confused with, there are nowadays many 
laboratory-created synthetic emeralds on the market. 

Emerald's main imitators are glass and composite 

stones (the very convincing ‘doubles’ discussed in 
Discovery 9) such as those made 
from two pieces of colourless 
beryl that have been 
cemented together with 
green glue. 


Famous emeralds 
The greatest emerald collection 
in the world is stored in the 
Republic of Bogota Bank in 
Colombia. It contains five crystals 
that weigh between 220 and 1795 carats. The most 
beautiful emeralds are displayed at the Topkapi 
Museum in Istanbul, Turkey, the Smithsonian 
Institution in Washington, DC, and the American 
Museum of Natural History in New York. 


Nacre is an organic substance 
that lines the shells of some 
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molluscs, including pearl oysters. 


acre — or mother-of-pearl, as it is also known — 
Ne take on a range of colours. The name 

derives from the Arabic word zaqqarab, 
meaning ‘shell’ or ‘drum’. 


Organic origin 

Nacre is an organic material that forms on the inside 
of certain mollusc shells. The aragonite in the shell 
lining which forms mother-of-pearl occurs as minute 
plates. This material is well known for its fine 
iridescent lustre and play of colours. 


Pearls 
Nacre is also the substance from which pearls are 
formed. Pearls occur in both marine and fresh-water 
molluscs, though they are usually obtained from the 
marine mollusc Pinctada which, though not 
an oyster, is referred to as the pearl oyster. 
Pearls can be a variety of colours, though 
they are usually white or pink. Pearls that 
are almost black are also known. 
The composition of pearls is 
slightly different from the nacre 
which lines mollusc shells, in that 
pearls contain more water. Pearls 
are formed when a small sand 
grain or other irritant 
particle enters a shell and 
the pearl is then built up 
around it. Artificial 
pearls can be cultured 
by using this 
principle. 


A The wing oyster Pteria hirundo. Nacre forms on the 
innermost layer of the creature's shell. 


Cultured pearls 

The science of culturing pearls was first developed by 
the Chinese in the 12th century AD. A small bead was 
placed inside the mantle of the shell-fish and the animal 
developed layers of nacre around it to produce a pearl. 
The largest known pearl was found inside a giant clam 


in the Philippines in 1934. It weighs 6.37 kg. 


CHARACTERISTICS 


Nacre is an organic material formed on the inside of 
the shells of some molluscs. It is composed of the 
mineral aragonite (CaCO;) together with water and 
conchiolin. Conchiolin is a protein produced by 
the mollusc and has a chemical formula which 
contains carbon, hydrogen, nitrogen and 
oxygen (chemical formula C,;,H,,N,0,,). 
Nacre is usually white, pink or 
iridescent in colour. It has a pearly lustre 
and a density of 2.6-2.7. Nacre is rather 
soft, scoring only 37-4 on the Mohs 
Scale of hardness. Nevertheless, it 
is highly resistant to most forms 
of pressure as long as it is not 
allowed to dry out. 


< A shell of the 
marine mollusc 
Tectus dentatus. 
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ge  Nacre and pearls are found in many parts 
- of the world in both fresh and marine 
water. Even the small mussels found 
around British shores contain tiny pearls, 
though these are of no economic value. 
The best pearls come from around the 
Persian Gulf, and the Indian Ocean 
produces pinkish rose pearls. Fine silvery 
pearls come from the seas around 
Australia. Nacre is obtained from a great ~ 
variety of mollusc shells, both bivalves 
and gastropods. 
The finest nacre forms inside the TN 
Shells of pearl oysters (Pinctada): these are 
bivalve molluscs which, despite their name, 
not oysters at all. They are found in sea water. ve 
ee is also found inside abalones (otherwise 
known as ear shells or ormers), marine gastropod _ 
molluscs belonging to the genus Haliotis. Abalones ^ 
have ear-shaped shells which are perforated with 
rows OmggsPiratory holes. 
Nacre is. commercially harvested along the Great ` 
Barrier Reef off the coast of Queensland (Australia), 
in the Persian Gulf, the Gulf of Mannar between 
mainland India and Sri Lanka, the Red Sea, the Gulfs of 
Mexico and Panama, and in the waters off Venezuela. 


Ornamental use 
Nacre, or mother-of-pearl, 
is used for carving cameos 
and other jewellery as well 
as for buttons and inlay 
work. Cameos are generally 
carved from shells which 
have nacre in layers of 
different colours, so the 
carving shows these colours 
contrasting with each other. 


Treatment 

Nacre contains water. : 4 A A range of precious 
Consequently care must : objects made from 

be taken to ensure that it : nacre, a natural 

does not become too dry substance also known 
because this might cause as mother-of-pearl. 
the surface to crack. It may 

even be advisable to wipe 

specimens regularly wih a 

damp cloth to keep them 

looking their best. 
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Pyroxene 
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The pyroxenes are a 
widespread group of 
rock-forming 
minerals 

found both on Earth 

and on the Moon. 

They occur in many 

types of igneous 

and metamorphic rock. 


yroxene is the term 
pz to a large number 

of minerals which all 
contain atoms of silicon and 
oxygen and are thus said to 
belong to the silicate group. 
These atoms are often joined 
together in long chains: like 
all minerals with this type of 
structure, pyroxenes are known as inosilicates. 
Although they may exhibit a wide variety of colours, 
pyroxenes are commonly shades of dark green. There 
are two main subdivisions of the pyroxene group: 
these are called orthopyroxenes and clinopyroxenes. 


'Foreign fire' 

Pyroxenes were first identified in the 19th century 

in lava. Although it was already established that lava 
was created by the action of heat, the pyroxenes were 
thought to be extraneous matter which had somehow 
appeared within it. Mineralogists of the age did not 
know how this might have happened. Indeed, the 
French mineralogist René-Just Haüy (1743-1822), 
for example, believed that pyroxenes had been 
incorporated into lava by accident. Hence the name 
pyroxene is a modern formation from the Greek 
words pyro, meaning ‘fire’ and xenos, meaning 
‘foreign’ (i.e. from some external source). 


v Acrystalline aggregate 
of diopside with 
individual crystals of 
green epidote (Sdllenkar 
Kreint, Pinzgau, Austria). 


Igneous rocks 
However, it is now known that most pyroxenes did 
indeed originate in ultrabasic and basic igneous rocks. 
Ultrabasic rocks are igneous rocks which contain 
less than 45 per cent silica and usually no quartz. Basic 
igneous rocks contain between 45 per cent and 55 per 
cent silica and little or no quartz. 
Elsewhere, pyroxenes may sometimes be 
found in gneisses, marbles and schists. These are 
all metamorphic rocks — those whose original 
composition has been altered by the action of heat 
and/or pressure (see Story of the Earth 55). 
Pyroxenes may also occur in some stony meteorites 
and on the Moon. 


Orthopyroxenes 

There are two types of pyroxene: orthopyroxenes and 
clinopyroxenes. As their name implies, orthopyroxenes 
all crysallise in the orthorhombic system. Together 


The photographs on this 
page show specimens of 
various typical pyroxene 
group minerals. 


A White spodumene on granite 
(Pakistan). 


they make up the enstatite— 
ferrosilite series, in which the 
progression from one component 
mineral to the next is marked by 


increasing quantities of iron. Thus, 

at one end of the series, enstatite is pure magnesium 
silicate with no iron at all; at the other end, ferrosilite 
is a pure iron silicate. 


Clinopyroxenes 

Clinopyroxenes form a larger group. Among the 
best-known examples are aegirine, augite, diopside, 
hedenbergite, jadeite and spodumene. All these 
crystallise in the monoclinic system, and as a result 
they have many physical properties in common. 


Chemistry 

Pyroxene group minerals may contain any one of the 
metallic elements aluminium, calcium, iron, lithium, 
magnesium, manganese or sodium. The most common 
pyroxenes contain calcium, magnesium and iron. 


Amphiboles 

Pyroxenes have many features in common with 

the amphibole group. Amphiboles are silicates of 
aluminium, calcium, iron, magnesium and sodium 
and are also common components of igneous rocks. 

Amphiboles usually take the form of long, 
slender, dark-coloured crystals. The most common 
and best-known examples are the minerals actinolite, 
hornblende and tremolite. 

However, amphiboles form at lower temperatures 
than pyroxenes and this gives them a different 
chemistry: amphiboles contain (OH) in their chemical 
formula, whereas pyroxenes do not. 


A Dark crystals of aegirine 
in association with other 
minerals (Mont Saint-Hilaire, 
Quebec, Canada). 


4 Black augite from Buffaure, 
Val di Fassa (Italy). 


Another difference between 
amphiboles and pyroxenes is the 
way they cleave. Cleavage is the 
scientific term for the manner in 
which minerals break along planes 

of weakness related to their atomic structure when 
they are hit or subjected to pressure. Pyroxenes have 
two planes of cleavage which intersect at angles of 87? 
and 93°, while the two cleavage planes of amphiboles 
intersect at angles of 56° and 124°. 


Common characteristics 
Pyroxenes range between 5 and 7 on the Mohs Scale of 
hardness. They generally weigh between 3 and 4 times 
more than the equivalent volume of water at room 
temperature. Unlike amphiboles, pyroxenes do not 
give off water when heated in a closed test tube. 
Pyroxenes are typically dark green in colour, 
although they may range from dark green to apple 
green and from lilac to colourless, depending on their 
exact chemical composition. 


Famous examples 

The most useful pyroxene mineral is spodumene, 
which is important in the ceramics industry and as 
a source of lithium. The emerald green variety of 
spodumene is known as hiddenite; lilac forms of the 
mineral are called kunzite. Jadeite and diopside are 
important gem materials. 

Some members of the pyroxene group grow to 
enormous sizes. The largest pyroxene crystal ever 
discovered is a piece of spodumene from South Dakota 
(USA) which is 13m in length and weighs 66 tonnes. 
Another amazing specimen from the same location is 
14m long and weighs 28 tonnes. 


Sphaerocobaltite is a very 
rare mineral. Its crystals 

are unusual and are highly 
sought after by collectors. 


he finest sphaerocobaltite 

is a beautiful rose-red 

colour. Less attractive 
specimens may be black or grey- 
brown. The mineral is also 
sometimes known as 
cobaltocalcite. This name is 
misleading, however, partly 
because it implies that the mineral 
contains calcium (which it does 
not), and partly because it is a 
term which has sometimes been 
used to describe genuine calcite 


CHARACTERISTICS 


Sphaerocobaltite is a member of the carbonate 
group of minerals. It is a carbonate of cobalt. 

The basic structure of sphaerocobaltite crystals 
conforms to the trigonal system of symmetry. They 
typically take the form of six-sided prisms. 

Sphaerocobaltite is fairly heavy, weighing just over 
four times more than the equivalent volume of water 
at room temperature. 
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SPHAEROCOBALTITE 


Group: Carbonates 


Crystal system: Trigonal 


Chemical formula: CoCO, 


Hardness: 4 


Density: 4.13 


Cleavage: Perfect 


Fracture: Uneven to subconchoidal 
Colour: Rose-red, black, grey-brown 


Streak: Red 


Lustre: Vitreous 


Fluorescence: None 


A A crystalline mass of 
rose-red sphaerocobaltite 
(Democratic Republic of 
the Congo). 


<4 Darker red crystals from 
the same region. 
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> Fine crystals of 
sphaerocobaltite from 
Mashamba (Democratic 
Republic of the Congo). 


v Sphaerocobaltite in 
association with long, 
green crystals of 
malachite, another 
member of the carbonate 
group of minerals 
(Democratic Republic of 
the Congo). 


with cobalt impurities. In its pure state, 
sphaerocobaltite has a very high cobalt content, 
sometimes as much as 49.6 per cent by weight. 


Rounded shape 

The 'sphaero-' in sphaerocobaltite is a reference to the 
rounded shapes of the masses in which the mineral 
commonly forms. 


Tests and treatment 

Sphaerocobaltite is soluble in hydrochloric acid and 
dissolves with an effervescent fizz. Specimens should 
be cleaned carefully using only distilled water. This is 
because the impurities in ordinary tap water may 
adversely affect the crystal faces. 
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Sphaerocobaltite is a rare secondary mineral which 
only forms through the alteration of other, pre- 
existent minerals. It is typically found with erythrite 
and roselite in cobalt-bearing deposits and sometimes 
with annabergite, an arsenate of nickel. 

All occurrences of sphaerocobaltite are small, 
but the most important are found in the following 
locations: Jervois Range, Northern Territory 
(Australia); Mashamba and Musonoi near Kolwezi 
(Democratic Republic of the Congo); Liguria and 
Savona (Italy) Baja California (MeXico); and Bou-Azzer, 
south-east of Marrakesh (Morocco). ; 


DISCOVERY 


e Minerals in close-up 


The detail of many minerals cannot be fully appreciated without the aid of 

magnification. The simplest way of looking at specimens in close-up is with 

the aid of a hand lens. Hand lenses are cheap and easy to carry on field trips 
and are widely used by beginners and experts alike. 


ooner or later, however, serious mineralogists 
will probably need to buy or at least gain access 


magnification to make inclusions and most surface 


to a microscope. Microscopes are more expensive 


than hand lenses and generally too large to be used 
anywhere other than on the work surface in the home 


laboratory. 


Hand lenses 
A good hand lens is one of the 
most vital pieces of equipment 
for geologists, no matter whether 
they are professionals, students, 
amateurs or complete beginners. 
Most mass-produced lenses 
provide a magnification of 10x, 
and this is perfectly adequate 
for most people's requirements. 
Other hand lenses give 20x 
magnification: these are almost 
the same size as 10x lenses. 
Hand lenses should give a true 
image of the specimen under 
examination. They should be free 
of edge distortion and display no 
misleading colour fringes. Hand 
lenses should be held close to the 
eye while the specimen is moved 
until it comes into focus. 


Microscopes 
Hand lenses and magnifying 
glasses are simple forms of 
microscope, but nowadays the 
term is generally used to describe 
an instrument with two or more 
lenses fixed in the upper and 
lower extremities of a hollow 
metal tube. The tube is mounted 
on a screw which allows it to be 
raised or lowered until a clear 
image is formed of the object 
underneath it. The lower lens is 
called the objective; the upper lens 
is known as the eyepiece. 

Hand lenses and simple 
microscopes provide sufficient 


Polarisation 


features of minerals readily visible. 


Simple microscopes create images through the 
g £ 


use of ordinary light. Ordinary light is made up of 


components which vibrate in all directions at right 


angles (perpendicular) to the direction in which it 
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A A range of typical 
magnifying lenses. 
One which gives 

10x magnification is 
particularly useful for 
amateur mineralogists. 


4 Crystals of 
pyromorphite, one of 
many minerals which can 
best be seen under 
magnification. 


dn-98s0/9 ul S[&J9UIIN 


ri el 


30) DISCOVERY. 


Minerals in close-up 


travels. The scientific term for ordinary light is 
unpolarised light. 

If unpolarised light is split into two rays, each 
of which vibrates in one direction only, it is then 
said to be ‘plane polarised’. Plane polarisation can be 
achieved by passing unpolarised light through man- 
made materials such as Polaroid or synthetic rutile 
or any one of several naturally occurring mineral 
crystals, notably those of calcite. 

Microscopes which use this type of light are 
known as polarising microscopes. 


The petrological microscope 

The main features of a petrological microscope are 
the ability to provide polarised light and a rotating 
stage on which a specimen (always a thin section of a 
rock, mineral or fossil) can be secured. Identification 
of the minerals in this section can be carried out by 
rotating the specimens under polarised light. Special 
identification features of any mineral can be observed 
using this technique. 


Refractive index 

All light is deflected whenever it passes from one 
medium into another. That is why a pencil half- 
immersed in water, for example, will appear to be bent 
at its point of entry into the liquid. This phenomenon 
is known as refraction. 

In water and in non-crystalline solids like glass, only 
one refracted ray is formed. The same rule also applies 
to crystals belonging to the cubic system of symmetry. 
In all these materials, the relationship between the light 
as it enters the material (the incident ray) and the 
refracted light at the point of departure has a constant 
ratio. This is known as the refractive index of the 
substance and is usually abbreviated to ‘RI’. 

In crystals belonging to the other six systems of 
symmetry — monoclinic, orthorhombic, tetragonal, 
triclinic, hexagonal and trigonal — refracted light 
forms not one outgoing ray, but two (double 
refraction). The ray which deviates more is called 
the extraordinary ray; the other ray, which behaves 
as described above, is known as the ordinary ray. 


Looking at inclusions 


Inclusions which formed before 

the surrounding crystal are called 
protogenetic inclusions. Those which 
formed at the same time as the crystal 
are syngenetic, while those which 
formed later than the crystal are said 
to be epigenetic. 

Among the protogenetic inclusions 
visible through an ordinary hand lens 
or microscope are the following: 
actinolite in emerald; diopside in 
corundum; epidote in quartz and 
hematite in topaz. 

The following syngenetic inclusions 
are also quite easy to see with 10x 
magnification: calcite in ruby; chrome 
diopside in diamond; chromite in 
peridot; feldspar in corundum; pyrite 
in emerald and fluorite. 

Bubbles of gas or liquid are typical 
epigenetic inclusions. These, too, can 
clearly be seen through a hand lens. 


< A typical mineralogical microscope 
with all the lenses and optical aids 
necessary to examine thin sections of 
rocks and minerals. Such apparatus is 
widely available from geological 
equipment suppliers. 
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China is the third 
largest country 
in the world 
with an area of 
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hina is rich in natural resources. Its most 
important natural product is coal, and it also 
has plentiful supplies of minerals and metals 


such as antimony, iron, tungsten, tin, mercury, 
magnesite, salt, uranium, gold and zinc. 


The lie of the land 

The land mass of China occupies the greater part of 
central and eastern Asia. Mountains cover about 43 
per cent of the land surface; basins cover about 19 per 
cent and about 12 per cent of the total land area can 
be classified as plains. The country stands on three 
different levels: the highland massif of Tibet (more 


m Beijing 


Shandong 
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9,560,940 sq. km. 
To the north lie 
Mongolia and 
Russia; to the 
east the Pacific 
Ocean; to the 
south Vietnam, 
Laos, Myanmar 
(Burma), India, 
5 "o Bhutan and 
Nepal; and to 
the west 
Pakistan, 
Afghanistan 
and Tajikistan. 
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than 2000m above sea level); the upland plateaux and 
basins of Xinjiang, Inner Mongolia and much of the 
rest of China (between 200m and 2000m above sea 
level); and the alluvial lowlands of the north-east, east 
and south, which are less than 200m above sea level. 
The country’s landscape varies from the gravelly 
deserts of the Mongolian borderlands and the fertile 
soils of the North China Plain to the alluvial soils of 
the Yangtze Valley and the tall limestone pinnacles and 
pillar-like peaks of eastern Guizhou. Then there is the 
Tibetan Plateau in the south west of the country. This 
is the world’s highest plateau region, with an average 
elevation of about 4500m above sea level. This rock- 
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strewn upland is traversed by several mountain ranges 
(the Himalayas, the Pamirs and the Karakoram Range) 
and also contains the headwaters of some important 
southern and eastern Asian rivers. 


Mineral and metals 
Mineral deposits are scattered widely across the 
country, especially in the mining areas of southern 
Dongbei (formerly Manchuria) in the Liaodong 
peninsula and the uplands of South China. Most of 
the important minerals are to be found in China. 
Iron ore reserves are estimated at more than 40 
billion tonnes: these are found 
particularly in southern Dongbei, 
northern Hebei and Inner Mongolia. 
High-grade hematite and magnetite 
have been found in Liaoning and 
Hubei in the Yangtze Valley as well as 
on the island of Hainan. There are 
more than one billion tonnes of 
aluminium ore, mainly in Liaoning 
and Shandong. Tin reserves in 
Yunnan and the Guangxi Zhuangzu 
Autonomous Region amount to as 
much as two million tonnes, and 
China produces about 8 per cent of 
the world’s total output of refined tin. 
The world’s largest reserves of 
antimony and tungsten are to be 
found in China. Antimony is mined at 
Hunan and tungsten is located mainly 
in the highlands to the north of Xian. 
The country also possesses some 
very large reserves of magnesite, 
molybdenum and mercury. 
Manganese comes mainly from the 
Ch’ang-sha area of Hunan and from 
Guangxi and Hopeh, although smaller 
quantities of the metal are also mined 
in Kwangtung, at Tsun-i in Guizhou, 


AA power station at the oil base 
in Xinjiang Province. 


< Workers extracting 
stones from a quarry 
in China. 


Luan-p'ing in Hopeh 
and in the north-east of 
the country. 


Gold deposits 
Gold reserves are located 
at Mo-ho and in other 
parts of Heilungkiang, 
as well as in Szechwan, 
Kirin, Sinkiang and 
Shandong. There are 
smaller reserves of lead, 
zinc and copper while 
uranium has been found 
in Dongbei and in the 
northwest. Considerable amounts of phosphate rock, 
fluorspar, silica, quartz, salt, talc and mica are also to 
be found. Pyrite occurs in several places — Liaoning, 
Hopeh, Shandong and Shansi have the most 
important deposits. There are large supplies of 
asbestos minerals and gypsum. 


Coal mining 
Coal is undoubtedly China’s most important natural 
resource. It is claimed that China has coal reserves of 
11 million tonnes, mostly in Dongbei. Deposits are 
widely scattered but there is some coal to be found in 
every province. It has 
been estimated that 
about 70 per cent of the 
total is to be found in 
the northern region, 
especially in the province 
of Shansi. Other 
important coal-bearing 
provinces include 
Heilungkiang, Hopeh, 
Liaoning, Kirin, and 
Shandong. Two of the 
largest coal-producing 
centres are at Fu-shun 
and Fou-hsin, both in 
Liaoning. Chinas biggest 
open-cast mine, the great 
pit at Fu-shun, is almost 
18km long and two 
kilometres across. 
Further south, 
bituminous coal is found 
in Szechwan, Kwangtung, 
Kwangsi, Yunnan and 
Guizhou. China also has 
petroleum reserves of 
over 20 billion tonnes, 
mostly off-shore. 


Rivers form a major 
part of the world's 
landscape and 
contribute greatly 
to the composition 
and overall 
appearance of the 
Earth's surface. 

The relationship 
between rivers and 
rocks is reciprocal 
— rocks are shaped 
by rivers, and the 
course of rivers is 
often determined 
by the resilience 

of the geological 
strata over, through 
and around which 
they pass. 


ivers are geomorphic agents which play an 

important role in the story of the Earth. They 

are influential mainly because their power 
enables them to dislodge and carry rocks. As these 
rocks are transported, they then cause further erosion 
when they pass over other geological material which is 
still attached to the river bed. This effect may be seen 
not only in the world's great, permanent rivers, such as 
the Nile, the Amazon and the Mississippi, but also in 
intermittent, seasonal rivers in arid regions. Even vast 
continental deserts are greatly affected by periodic 
flooding when water suddenly surges down courses 
which are dry for the greater part of the year. 

As they flow from source to outlet, all rivers cut 
channels. These channels are created by the action of 
sediment-carrying water on the surrounding rock, a 
rubbing process called abrasion (like sandpaper when 
it is scraped along a piece of wood). 

Abrasion dislodges particles of rock which may 
range in size from the tiniest particles of silt to 
boulders. This sediment then collides with the river 
bed and dislodges further pieces of similar material. 
The extent and effectiveness of this geological process 
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As it tumbles downwards, a young mountain river 
actively cuts a notch in a cliff near Zermatt (Switzerland). 


depends on the river's rate of flow and the amount of 
load it carries. 


The net effect of channel erosion is to cut a river 
valley. Channel erosion tends to cut downwards, but 
few river valleys remain steep-sided and V-shaped for 
long. Instead, they are altered over time by tributary 
channels and the lateral widening of the main channel. 
These are the principal differences between a young 
river and an old river. 

By eroding, transporting and depositing sediments, 
rivers have considerable rock-forming potential. Many 
important sedimentary rocks have been deposited by 
river systems. The Torridonian sediments, which occur 
over much of northwest Scotland, for example, were 
deposited by extensive river systems during the 
Precambrian, around 900 million years ago. To the 
west of what is now Scotland, there was a large range 
of mountains and the rivers flowing to the east, from 


Rivers 


The braided River 
Cendere in Turkey. Note 
the sand and gravel banks 
and the surrounding 
alluvial plain. 


The River Cuckmere 
meanders across its 
floodplain in Sussex, 
England. If the two bases 
of the loops on the left of 
the photograph were to 
join up, the rest of the 
meander would be 
isolated to form an 
oxbow lake. 


these mountains, carried vast amounts of 
sand, pebbles and other sediment. This is 
now seen as many thousands of metres of 
sandstone and conglomerate which form 
some of the best known mountains in that 
part of Scotland. 

Among the many minerals eroded from 
their original rocks by rivers are heavy 
metallic minerals like magnetite and 
precious minerals including ruby, sapphire, 
peridot and spinel. Because they are 
relatively heavy, small fragments of these 
minerals are deposited where river currents slow down. 
Gravels and sands containing important minerals are 
called placer deposits. 


Some rivers appear as a network of criss-crosses when 
seen from above: this is known as trellising. A trellised 
river system forms when the water flows over bands 
of bedrock which are alternately hard and soft — 
naturally, the water will tend to seek out the softer 
strata because these are more easily eroded. 

Rivers which look from above like the branches and 
trunk of a tree are said to be dendritic. This pattern 
tends to occur when the underlying rock is of uniform 
composition over a wide area. 

Rivers and streams which flow steeply downhill 
tend to occupy the whole of narrow valleys because 
they themselves are forming the valley as they cut 
through the rocks over which they flow. The courses of 
such rivers tend to be relatively straight, as they flow 
swiftly downhill by the most direct route available. 
Areas of harder rock may make them bend somewhat, 
forcing them to follow softer rocks where they are 
better able to carve out a channel. 

Rivers flowing over flattish land tend to develop 
curves and loops. This process is called meandering. 
The water on the outside of a meander bend flows 
much faster than the water on the inside. Thus erosion 
takes place on the outside of a bend and deposition of 


sediment occurs in the slack water on the inside. 
Together these two processes cause the loop of the 
meander to increase in size. 


When large quantities of sediment are deposited by a 
river, the resultant silting may cause the river channel 
to break up into several smaller water courses. These 
courses diverge and converge, and typically form 
braided patterns. Braided rivers are usually found in 
wide valleys, often those resulting from glaciation. 

Sediments are also deposited when the river's speed 
of flow is checked as it enters a lake, ocean or delta, or 
when there is a sudden decrease in gradient at the 
mouth of a canyon or valley. 


In locations such as these, accumulations of sediment 
may cause the formation of alluvial fans. These fans are 
economically important because they are the principal 
source of groundwater for irrigation, particularly in 
semi-arid regions where there is no reliable alternative 
source of water. 

Alluvial plains are also known as floodplains. They 
are flat areas composed of unconsolidated sedimentary 
deposits which form adjacent to older rivers. As the 
name suggests, they are subject to periodic flooding 
because they are flat and low-lying: the water level has 
only to rise a little to make the river burst its banks. 
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edenbergite is usually brown, dark 
H green, greyish green, dark grey or 

black in colour. It was first identified 
as a distinct mineral in 1819 by the Swedish 
chemist Johan Jakob Berzelius (1779—1848). 
He named the mineral as a tribute to his 
friend and collaborator Ludwig Hedenberg. 

Hedenbergite is a rare mineral. 

Nevertheless it occurs in various places 
around the world, from Greenland to Australia. 
Usually it is found in igneous rocks, such as micro- 
granites and the granophyres of the Skaergaard 
complex in Greenland. 

/ Hedenbergite is also found in a rock called skarn, A A characteristic specimen of 
= e which is metamorphosed limestone that has been hedenbergite from Tuscany (Italy). 
altered by heat from granite and syenite. Impurities in 
the original limestone and the effect of fluids from the Pyroxene group minerals 


magma produce a wide range of minerals in skarn. Pyroxene group minerals, of which hedenbergite is 
These minerals may occur as discrete patches, giving one, are silicates of various metals. Some pyroxenes, 
skarn a blotchy appearance. such as augite, have many metals in their chemical 


formula, while others like enstatite have only one. 
Molecules of hedenbergite contain one atom of 


4 A crystal of black hedenbergite on a chalcopyrite 
base (matrix). 


of minerals. Each molecule contains one atom of | 
calcium, one atom of iron, two atoms of silicon and | 
six atoms of oxygen. 
Crystals of this mineral conform to the monoclinic | 
system of symmetry in which no pair of crystal axes is | 
the same length as any other. It is usually found as | 
irregular specimens (massive habit). Crystals are rare, 
. andare short and prismatic and commonly twinned 
(growing from a shared crystal surface). 
Hedenbergite scores 6 on the Mohs Scale of 
. hardness, and so cannot be marked by a knife blade, 
|. Which has a hardness of 5%. On crystal faces, or when 
freshly broken, hedenbergite has a vitreous or 
resinous lustre. 
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T FILE crystal system. Hedenbergite usually occurs as 


small prismatic crystals, which are commonly 
HEDENBERGITE twinned, or as irregular specimens (massive habit). 
Group: Silicates Some specimens have masses of slender acicular 
Crystal system: Monoclinic (needle-like) radiating crystals, the individuals of 
Chemical formula: CaFeSi;0; which have a bladed habit. 
Hardness: 6 When broken, hedenbergite shows the distinctive 
Density: 3.50-3.56 pyroxene cleavage. There are two planes of cleavage, 
Cleavage: Good each one virtually at right angles to the other. This 
Fracture: Uneven to conchoidal produces step-like breaks with square shapes. The 
Colour: Dark green, grey green, grey, brown, black fracture is uneven or conchoidal. 
Streak: Greyish It is difficult to distinguish between hedenbergite 
Lustre: Vitreous to resinous and diopside and other pyroxenes without detailed 
Fluorescence: None chemical or optical analysis, as their properties are 

very similar. 


calcium and one of iron combined with two atoms Y A goup of hedenbergite prismatic crystals 
of silicon and six of oxygen. (Serifos, Greece). 

Hedenbergite forms a series with diopside 
(calcium magnesium silicate). When the 
magnesium in diopside is replaced by iron, 
hedenbergite forms. The magnesium-rich 
member of this series (diopside) is far more 
common than hedenbergite, the iron-rich 
member. Diopside forms at higher 
temperatures than hedenbergite, and 
it seems that the concentrations of 
iron needed for the formation of 


hedenbergite only rarely occur 
in solidifying magma. 


Properties 

Like many other pyroxenes, 
hedenbergite crystallises in 
the monoclinic system. These 
pyroxenes are called clinopyroxenes, 
as opposed to the orthopyroxenes, such as 
enstatite, which form in the orthorhombic 


< A characteristic specimen of hedenbergite from 
Tuscany (Italy). Although hedenbergite is found in many 
locations throughout the world, it almost never occurs 
in large quantities. 
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Hedenbergite is common in skarns (sedimentary 
limestones which have been altered by the action of 
heat and pressure and are therefore metamorphic 
rocks). It also forms in iron-rich sediments that have 
been metamorphosed by heat, and in some rocks that 
originally formed through igneous activity deep 


beneath the surface of the Earth (igneous rocks). 
Good locations for this mineral are found in 

the following places: Australia; England; Finland; 

Greenland; Italy; Nigeria; Arendal (Norway); Russia and 

Sweden. In the USA hedenbergite is found in Arizona, 

California and Colorado. = 


Rosasite is a rare mineral 
that often forms in 
very small rounded 
botryoidal masses. 
It is eminently collectable. 


osasite may be bluish green, 

green or sky blue in colour. 

It was first found in the 
Rosas Mine near Cagliari on the island 
of Sardinia, Italy, in 1908, and is named 


after this location. It also occurs at a number of other A Rosasite in rounded habit (Durango State, Mexico). 
places, including Cumbria, England, but is a very rare 

mineral, often overlooked because of the very small forms crystals in the trigonal system while rosasite's 
size (commonly only a few millimetres in diameter) of crystals have monoclinic symmetry. Rosasite has 
the specimens. Its attractive colour and rarity make it distinct cleavage but that of plumbogummite is 
much sought after by collectors. undetermined. 


Similar appearance 
[t may at first be difficult to distinguish rosasite from a 


|. Rosasite is a secondary mineral which forms as a 
result of chemical alteration of pre-existent carbonate 
minerals. It usually occurs in the oxidation zones of 
copper, lead and zinc deposits. 

Rosasite is very rare, occurring in scattered 
localities and always in small 
quantities. It is still found in 
the area where it was originally 
discovered, around Cagliari in 
Sardinia (Italy). 

Some of the world's other 
occurrences are found in the 
following locations: Cumbria, 
England; Germany; Japan; 
Mapimi in Durango State 
(Mexico) and Tsumeb (Namibia). 

In the USA, this mineral 
is found in Cochise County, 
Arizona; at Cerro Gordo in 
Inyo County, California; at 
Wellington, Nevada; and at 
Kelly in Socorro County, 

New Mexico. Californian 
rosasite occurs in association 
with hemimorphite and 
smithsonite; New Mexican 
rosasite is found with aurichalcite. 


number of other copper carbonate minerals, especially 
when they occur as very small specimens. Rosasite has, 


for example, a superficial resemblance to the mineral 


plumbogummite, but the two minerals are in fact very 
carefully. Plumbogummite 


different when examined 


A Round specimens with spiky (acicular) protrusions on 
a base of goethite (Silver Hill, Arizona, USA). 
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Rare mineral 


Chemical composition 

Rosasite is a carbonate of copper and zinc, and as is 
the case with many carbonates it will dissolve in dilute 
hydrochloric acid. The presence of these metals in its 
chemical formula give the mineral a density of 4.0 to 
4.2, which is noticeably higher than average. 

The main problems with identification are 
associated with the very small size of most specimens. 
Its sky blue colour and characteristic botryoidal habit 
are good clues to its identification, but other tests must 


A Specimens of rosasite in typical 
rounded habit (Durango State, 
Mexico). 


COLTER AM 


ROSASITE 


Group: Carbonates 


Crystal system: Monoclinic 
Chemical formula: (Cu,Zn),C03(0H), 
Hardness: 4% 

Density: 4.0—4.2 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Bluish green, green, blue 
Streak: Light blue 
Lustre: Vitreous to silky 


Fluorescence: None 


> A crust of rosasite with small 
rounded (botryoidal) swellings on 
a rock base (matrix). This specimen 
was found in Sardinia, Italy, at the 
Rosas Mine from which the mineral 
derives its name. 
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Rosasite is a member of the carbonate group of 
minerals. It is composed of the chemical elements 
copper, zinc, carbon, oxygen and hydrogen. | 

Crystals of rosasite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. Although felt-like 
crusts of microscopic crystals are sometimes found, 
this mineral more commonly takes the form of crusts 
with rounded swellings and a 
fibrous structure. 

Rosasite is a fairly heavy 
mineral, weighing about four 
times more than the equivalent 
volume of water. 


be carried out to be certain. 1 
Rosasite occurs in the parts of 
metal-bearing mineral veins that 
have been altered by oxidation, 
and a bluish coating on rock 
surfaces found in such places 
may be this rare mineral. The 
use of a good hand lens of 10x 
or 20x magnification may reveal 
the typical rosasite habit. 


Stibnite is the main industrial 
source of the metallic 
element antimony. 


! tibnite is a lead-grey mineral which has been 
known since ancient times. Its name comes 
\ from stibium, the Latin word for antimony. 
It was sometimes also known as antimonite or 
antimony glance. 


Uses of antimony 
Antimony is a metal which was first identified as a 
distinct chemical element in the Middle Ages. It is 
extracted from stibnite by reduction or by roasting. 
Roasting turns antimony sulphide into antimony 
oxide. This new compound is then reduced to the 
pure metal using carbon and sodium carbonate. 
Antimony has a wide range of industrial 
applications. It is used as an alloy in lead batteries, 
bearing alloys, pewter and solders. It is also used as 
an agent in the production of cast iron. Antimony 
compounds are widely used to make flame-proofing 
material, paints, ceramics, enamels and glass dyestuffs. 


Stibnite itself is used in the manufacture of 
matches, fireworks and percussion caps. 


Famous examples 
Two of the most striking examples of stibnite came 


originally from Japan. One, a crystal 60cm in length 


and weighing 7kg, now forms part of the Wada 
collection of the Mitsubishi Mining Company. The 


other example is a group of crystals, one 60cm in 


STIBNITE 


Group: Sulphides 


Crystal system: Orthorhombic 


Chemical formula: Sb;S; 


Hardness: 2 
Density: 4.63—4.66 
Cleavage: Perfect 


Fracture: Uneven to subconchoidal 


Colour: Lead grey 


Streak: Lead grey 


Lustre: Metallic when fresh but 


Fluorescence: None 


easily tarnished on exposure to air 


Both specimens come from 
Grosseto (Italy). 


A Prismatic crystals of stibnite. 


< Acicular crystals of stibnite. 


Je£Jeutuy JE€1J3Snpul 


Industrial mineral 


length, which are displayed in the Mineralogical 
Institute at the University of Hamburg. 


Tests and treatment 

Powdered stibnite is soluble in concentrated 
hydrochloric acid. It is very sensitive to heat and 
melts (fuses) easily. 

Specimens are best cleaned with distilled water 
because tap water contains impurities which may 
damage the surface of the crystals. Soaps and 
detergents should also be avoided. Stibnite should 
be stored away from any direct light source to 
prevent tarnishing. 


Acids should never be used 
by children without adult supervision. 
Always wear protective clothing and work 
in a well-ventilated room. 


> Crystals of 
stibnite (Italy). 


Y A fine group 
of striated 
prismatic 
stibnite crystals. 


>Y Stibnite on 
a base (matrix) 
of calcite. 


| Stibnite is a member of the sulphide group of 
minerals. It is a sulphide of antimony. 

Crystals of stibnite conform to the orthorhombic 
system of symmetry in which no axis is the same 

` length as any other, but all are at right angles to each 
| other. The crystals are commonly prismatic and often 
. have grooves (striations) running along their faces. 

| The mineral tends to form in irregular masses or in 

_ radiating groups of needle-shaped crystals. 

Some stibnite crystals contain impurities of silver 
or gold. Fresh specimens have a brilliant metallic 
sheen (lustre), but this tarnishes to iridescent or 
black on prolonged exposure to light. 

Stibnite is a very soft mineral: it scores only 
2 on the Mohs Scale of hardness, and can be easily 
scratched with a fingernail. It is notably heavy, 
weighing about four and a half times more than 
the equivalent volume of water. 


i tibnite is often found with quartz in veins which have 
been altered by hot water (hydrothermals). It also 
occurs in hot spring deposits and as a replacement 
mineral in limestones. It is often associated with 
cinnabar, galena, orpiment, pyrite and realgar. 
The most important industrial deposits of stibnite 


have been found in the following countries: Bolivia, 

France, Mexico, Peru, Romania and the USA. It has also 
been found on the island of Borneo. The best crystals 
come from Wolfsburg (Germany) and Shikoku (Japan). 
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When found in sufficient 
quantity wavellite is used to 
make phosphate fertiliser. 
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ost wavellite is green, but it may also be 

blue, brown, white, yellow or completely 

colourless. It is named after the English 
physician William Wavell (c.1756—1829) who first 
discovered it in Barnstaple, Devon. 

Wavellite contains phosphorus, a non-metallic 
element which is essential to the development of all 
living organisms and is thus an important ingredient 
of plant fertilisers. 

Wavellite is a widespread mineral but seldom 
occurs in large quantities. The largest deposits are 
mined for processing into fertilisers for farming. 
However, the mineral is not often used for this 
purpose because most deposits are too small for AY Spherical aggregates of wavellite on a rock 
commercial extraction to be worthwhile. base (matrix) from Arkansas (USA). 


Wavellite is a member of the 
phosphate group of minerals. It is a 
phosphate of aluminium which has 
five attached molecules of water of 
crystallisation: it is thus described as 
a hydrated mineral. 
Crystals of wavellite conform 

to the orthorhombic system of 
symmetry. However, crystals are rare, 
and those that do occur tend to be 
minute and prismatic. Wavellite 
almost always appears in spherical 
| aggregates of acicular crystals which 
. radiate outwards from a central point. 
| Although wavellite may appear in  . 

a wide range of colours, if a specimen 
is rubbed against an unglazed piece 
. of white porcelain, it will produce a 
white streak: this is the colour that 
. all specimens would be if they were 
reduced to powder. 

The sheen (lustre) of wavellite 

is usually glassy (vitreous) but may 
occasionally be greasy (resinous) 
; or pearly. 
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FACT FILE AY Two specimens of wavellite from Arkansas (USA). 


WAVELLITE Tests and treatment 

Group: Phosphates Wavellite will not melt when heated in an open flame 
Crystal system: Orthorhombic (in scientific terms, it is said to be infusible). It gives 
Chemical formula: Al,(P0,),(F,0H); off water when heated in a closed test tube. It will 
Hardness: 3-4 dissolve in strong acids. 

Density: 2.36 

Cleavage: Perfect 


Colour: Green, white, blue, brown, yellow, colourless 
Streak: White 

Lustre: Vitreous to resinous or pearly 

Fluorescence: None 
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Wavellite is a secondary mineral which forms through 
the alteration of certain other minerals. It is most 
often found on the joints between and the cavities 
within rocks, particularly slates. It may also form on 
ore bodies which contain limonite and in association 
with phosphorite deposits. 

The principal occurrences of wavellite are found 
in the following locations: Llallagua (Bolivia); Zbiroh 
(Czech Republic); Barnstaple (England); Montebras 
(France); Ireland; Lazio (Italy); Portugal; and Tasmania. 
In the USA, the main concentrations of wavellite are 
found in Hot Spring County (Arkansas), El Dorado 

= County (California), Dunellen (Florida) and Holly 
“Springs (Pennsylvania). 
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On the mineral 


India is a vast 
mineral-rich 
country that 
occupies a total 
area of 3,287,593 sq. 
km (about half the 
size of the USA). It 
is bounded to the 
north by Pakistan, J EPET al LAN NUR 
China and Nepal, to ; | impr des 
the east by Bhutan, ^ p 
Bangladesh and NI om 
the Bay of Bengal, iio a "m SONT Qu 
to the west by the Bombym œ~ < e (BURMA) 
Arabian Sea and to oH os 
the south by the Goa\. | Andhig Pradesh Bay d Bengal 
indian Ocean. |n. 

gnum 


Karnataka 


y 
UttarRradesh N 
NS à 


mw Baroda 
EE 


SRI LANKA 


Indian Ocean 


a world leader in the production of iron ore, coal 

and bauxite. It also produces large amounts of 
manganese, mica, ilmenite, copper, petroleum, 
asbestos, chromium, graphite, phosphate rock, zinc, 


gold and silver. 


[r has vast mineral and natural resources. It is 


The land 
India is divided into three main regions — the 
Himalayan mountain region in the north, the Indo- 
Gangetic plain to the south of the Himalayas, and the 
plateau or Deccan region of southern India. 
The Himalayas are the highest mountains in the 
world, and stretch 2400km southeast from the Afghan A The Tata Steel Mill at Jamshedpur in the mineral-rich 
border in the northwest to Myanmar in the east. By state of Jharkhand. 


A This coal mine in the state of Madhya Pradesh is just 
one of many in the country. 


contrast, the plain incorporating the rivers Indus and 
Ganges is a long sedimentary area about 400km wide 
extending over 2000km from the border with Pakistan 
in the west to the mouth of the Ganges near Calcutta 
in the east. The remainder of peninsular India is a 
large triangular plateau, called the Deccan, which is 
bounded to the west by the Western Ghats and to the 
east by the Eastern Ghats mountain ranges. 


Rich resources 

India has one-seventh of the world’s total iron ore 
reserves. It also has large reserves of manganese ore, 
although apart from aluminium its reserves of non- 
ferrous metals are insufficient for its domestic needs. 
India’s main mineral and metallic exports are iron ore, 
manganese ore, mica and cyanite (aluminium silicate). 

Iron ore production had reached an annual level of 
51.1 million tonnes by the late 1980s, and India has 
long been one of the world’s leading iron ore exporters. 
The country’s main deposits are found in the states of 
Jharkhand, Orissa, Madhya Pradesh, Karnataka, Goa, 
Andhra Pradesh and Tamil Nadu. 

Manganese ore is produced in great quantity, 
mostly in Madhya Pradesh and Maharashtra, although 
there are some deposits in Jharkhand, Orissa, 
Karnataka, Andhra Pradesh and Goa. Some 1.3 
million tonnes were being produced annually at 
the end of the 1980s. IImenite, an opaque mineral 
regarded as an iron titanate, is also to be found and 
is a source of the metal titanium. 

India’s bauxite deposits are concentrated in 
Jharkhand, Madhya Pradesh, Maharashtra, Karnataka, 
Tamil Nadu, Gujarat and Orissa. Approximately four 
million tonnes of this ore are produced annually and 
serve India’s well-developed aluminium industry. 


Mineral-rich Jharkhand 

The densely populated state of Jharkhand in the 
northeast of the country produces about 35 per cent 
by value of all the minerals mined in India. Almost all 
India’s output of copper, cyanite (a mineral used in the 
manufacture of heat-resistant porcelain) and phosphate 


is produced in Jharkhand. In addition, about half the 
national output of bauxite, mica and coal is produced 
in the state, together with one-fifth of the iron ore. 
High-grade bauxite is mined in the Lohardaga region 
of Ranchi in Jharkhand state, and the mica belt which 
stretches 50km from east to west in Hazaribagh 
produces high-quality muscovite. About 60 per cent of 
the world’s supply of mica is produced in the area. 

The west Singhbhum district, the richest mineral- 
bearing region, contains one of the world’s best 
hematite ore deposits (with an iron content of 60—68 
per cent). The cyanite deposits of Kharsawan in west 
Singhbhum are the largest in the world and the district 
also contains large quantities of manganese, chromite, 
apatite (a source of fertiliser) and uranium. 


Natural resources 
India has large reserves of coal, which are located in 
just a few areas. The workable coal mines are to be 
found in Jharkhand, West Bengal, Madhya Pradesh 
and Andhra Pradesh. As a result, any coal needed in 
southern or western India has to be transported many 
hundreds of kilometres. By the late 1980s annual coal 
production had reached 196.8 million tonnes. Sizeable 
deposits of lignite have also been found in Tamil 
Nadu, Rajasthan and Gujarat. 

Petroleum and natural gas are produced mostly in 
Gujarat, both onshore and offshore, and in Assam. 
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abundant deposits of lignite. 


Soon after the discovery of radioactivity at the end of the 19th century, 
geologists realised that the principles of radioactive decay could be used to 
work out the age of rocks and of the Earth itself. 


eological time has always been measured in a 


relative way by using various methods. Older 

sedimentary rocks generally lie below younger 
ones and igneous intrusions must be younger than 
the rocks into which they are intrud led. A relative 
timescale was established in the 19th century using 
fossils to mark and correlate different strata (lz lyers 
of sedimentary rock). However, even though these 
principles are still of great importance in stratigraphy 
(the science of putting rocks into sequence), no actual 
numerical dates could be given to rocks before 
radiometric dating was applied. 


The ideas behind radiometric dating are simple. A 
radioactive element decays with time into a ‘daughter’ 
element. If the rate of this change is known and the 
relative amounts of the two elements can be measured 
in a given rock, then the absolute time over which the 


A linear accelerator, an instrument capable of 
counting the carbon-14 atoms in a mineral specimen 
(Oxford, England). 


decay has been taking place — the age of the rock — can 
be calculated. Many rocks contain radioactive 
elements, so the system is widely applicable. 


The time over which a radioactive element decays is 
broken down into half-life periods, and the way this 
decay occurs can be best understood by considering 


this system. A half-life period is the time taken for half 


of the parent element atoms to decay. 

In the first half-life period, half the parent atoms 
decay. In the second half-life period, half the atoms of 
what was left at the end of the first half-life period 
decay, so at the end of the second half-life period a 
quarter of the original number of atoms remain. The 
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Radioactive dating 


half-life varies from 
element to element, from 
a fraction of a second to 
many millions of years. 
The elements with very 
long half-lives are the best 
for radiometric dating. 


The rocks which give the 
best results for rock age 
dating are igneous rocks 
like granite and basalt. 
These contain radioactive 
elements like potassium 
and rubidium locked 
away in minerals such as 
feldspar and mica. Also, 
these rocks have formed 
at a definite point in time 
by the cooling of magma 
or lava, so a definite date can be fixed. 

Some metamorphic rocks give accurate results, 
but sedimentary rocks are not usually much use as 
they contain minerals derived from earlier rocks. Any 
date obtained must be checked in the context of the 
geological setting of the rock dated. 

There are a number of methods used for rock 
dating but the two which tend to give good results are 
the potassium-argon (half-life 11,850 million years) 
and rubidium-strontium (half-life 50,000 million 
years) systems. 

The Carbon-14 method is possibly the best-known 
technique because it is much used for archaeological 
materials. It is not any use for dating materials older 
than about 100,000 years — nothing in geological 
terms —as it has a half-life of 5,570 years. 


A tiny sample of 
amino acid in bone 
being burned in oxygen 
immediately prior to 
radiocarbon dating. 


A scientist taking a 
sample of shavings from 
a reindeer's bone for 
dating with radiocarbon 
techniques. 


There are a number of problems with all these dating 
techniques and they are by no means a perfect way of 
dating rocks, though they are being refined all the 
time. Often the daughter element is a gas and so can 
leak from rocks. If this happens, the proportions of 
parent and daughter element cannot be compared. 

One of the original systems used was the decay of 
uranium to lead, producing helium. Helium readily 
leaks from rocks and so cannot be measured with 
accuracy. If there is less daughter element in the rock 
than there should be, because of such a loss, then the 
age calculated will be too young. On the other hand, 
an accumulation of daughter element atoms in a rock, 
from sources other than radioactive decay, will suggest 
an age much older than is really the case. 


Gem collections 


Since the earliest times, gemstones have been used as decorations to enhance 
the appearance of a wide range of objects. Some are used in brooches, 
necklaces, rings and other forms of personal adornment. 
Others are incorporated into useful artefacts from boxes to 
cabinets, while many are used in religious items. 


disapprove of this practice and regard it as 
an undesirable form of ostentation, this 
principle governs many mainstream 
religions, including Buddhism, 
Christianity and Islam. 

As a result, many of the world's great 
cathedrals, mosques and temples are often 
ideal places to see fine gemstones and precious 

materials. Here they may be incorporated into the 
very fabric of the buildings themselves — in mosaics 
on floors or walls, for example — or used to decorate 
smaller artefacts: there are golden statues of the 
Buddha in Thailand and gem-encrusted crosses in 
many parts of the Christian world. 


Crown jewels 

Crown jewels are ornaments used by monarchs. The 
name refers not only to crowns but also to coronets 
and tiaras, and to a wide range of brooches, necklaces 
and sword hilts. Crown jewels were originally used 
to display the wealth of the monarch and hence to 
symbolise his worldly power, but today they are 
retained purely for their beauty and value. They are 
used, if at all, only on ceremonial occasions, notably 
at the coronation or investiture of a new ruler. 

The most famous crown jewels are those of the 
British royal family, whose collection has been built 
up over many hundreds of years. These can be seen at 
the Tower of London. Among its highlights are the 
Koh-i-Noor diamond, a very large oval Indian 
diamond weighing 
108.93 carats (one carat 
- 0.2g). The name 
means 'Mountain of 


Light in Persian. 


A The Cross of 
Berengario mounted 

with various types of gems 
(Monza Cathedral, Italy). 


found in the world's great museums. We have 

already looked at some of the treasures in 
London's Natural History Museum (see Art of 
Collecting 31). Other prime locations include the 
Smithsonian Institution in Washington, DC (USA) 
and the Edelstein Museum in Idar-Oberstein 
(Germany). 


ys of the most important gem collections are 


Religious buildings 
After museums, religious 
buildings are probably the 
best repositories of the 
finest gems. This is largely 
because the incorporation 
of enormously valuable 


Crowned heads of 
the world 


Royal gem collections 


EE 


treasures into crucifixes 

and icons is looked at as 
a way of celebrating the 
glory of God. Although 
some religious sects 

and individual teachers 


4 A finely decorated vase of translucent quartz 
(Mineralogical Museum, University of Florence, Italy). 


can also be seen in other 
parts of the world, even 
in countries where there 
is no longer a ruling 
royal family. For 
example, the tsar of 
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This ninth-century altar of Volvinio in Sant'Ambrogio's 


Basilica, Milan (Italy) is decorated with gold and 4,000 
inlaid gemstones. 


Russia was toppled in the 1917 Revolution and 
in 1926 the communist Soviet government tried to 
sell all the royal valuables. Although some of these 
treasures found their way to a London sales room, 
the scheme was abandoned before the collection 
could be dismantled completely and a fine display 
can still be seen in the Kremlin in Moscow. 
Similarly, the royal houses of Bavaria, Portugal 
and Saxony have long been deposed and replaced 
by other forms of government. Nevertheless, the 
magnificent remnants of their crown jewels can still 
be seen in museums in Munich, Lisbon and Dresden 
respectively. 


A vase made from lapis lazuli and gold 
(Museo degli Argenti, Florence, Italy). 


This ancient crown of 
Theodolina, decorated 
with mother-of-pearl and 
coloured glass, is valued 
for its great antiquity 
(Monza Cathedral. Italy). 
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Agate is a widely used 
^ gemstone prized for its 
distinctive concentric 
banding. 


he colour of agate is highly variable and is 

determined by impurities. It is most often 

milky white or grey, but it may also be shades 
of black, brown, green or red or combinations of 
these colours. 


Varieties of agate 

Agate is a form of chalcedony. Chalcedony itself is 
a highly compacted form of quartz that forms in 
microscopically small crystals. 

Agate is distinguished by its characteristic coloured 
bands, which are caused by various impurities within 
the structure of the mineral. Agates often have a crusty 
outer layer, and when they are split open they reveal 
patterns that are concentric in form. The best of these 
patterns can make the agate specimen valuable as a 
decorative gemstone. 


GEMSTONES 


A A section through an agate nodule showing alternate 
red and white bands (Brazil). 


There are several different varieities of agate: 


AGATISED WOOD is fossilised wood that has had 
its organic matter replaced by agate. 


FORTIFICATION AGATE has angular bands around 
its perimeter. These may resemble a castle viewed 
from the air. 


CHARACTERISTICS 


Agate is made of silica and is a member of the oxide 
group of minerals. Like quartz, of which it is one of 
the many forms, agate is an oxide of metallic silicon. 
(Silicon is the second most abundant element in the 
Earth's crust after oxygen.) 

Agate is differentiated from other forms of 
chalcedony mainly by its concentric coloured bands. 
It is a relatively hard mineral, being a form of quartz, 
and registers point 7 on the Mohs Scale of hardness. 
It therefore cannot be scratched by a steel knife 
blade. Because agate is porous, it easily absorbs 
artificial colouring. It is not very dense, weighing 
three times as much as the equivalent volume of 
water at room temperature. 

When agate is hit with a sharp instrument, it does 
not break off along its structural planes (that is, it has 
no cleavage). However, it does fracture, and produces 
a distinct conchoidal pattern that resembles the 
curved shape of a seashell. 


4 Agate pebbles from a river in Peru. 
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GEMSTONES 


FACT FILE 
AGATE 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 
Fracture: Conchoidal 


Colour: Various colours in concentric zones 


Streak: White 
Lustre: Vitreous to greasy 
Fluorescence: None 


> A flat oval agate. 


Agate occurs in small, rounded lumps (nodules) in volcanic lava such 
as basalt, where it forms in concentric or irregular layers that usually 
linea cavity (geode). These layers are coloured with alternate darker 
and paler bands. 

Historically, the most famous source of agate was at Idar-Oberstein 
in Germany, where gem-quality specimens were collected from at least 
1548. Even though its own supplies have been exhausted, this town in 
the Rhineland is still the world's leading centre for polishing and 
carving ornamental agate. The raw material is now imported into 
Germany from the huge quartz deposits that have been discovered in 
the last hundred years in Brazil and Uruguay. 

Other plentiful supplies of agate have been found in China, Egypt, 

the Italian Alps, Madagascar and Mexico. Agate has also been found 

in parts of Perthshire in Scotland. 
The best moss agate comes from the Hindustan region of 
- India; there have also been significant moss agate finds in 
» China and the USA. 
| The USA has the most famous agatised wood in the 


Y An agate cut in a 
cabochon. 


Petrified Forest of Arizona. 


» Moss agate with 
tree-like inclusions. 


Y A decorative agate 


incorporating a 
seascape design. 


Moss AGATE (also known as mocha stone) is 
translucent and white or grey in colour with dark 
moss-like or tree-like (dendritic) inclusions. These 
inclusions are caused by the presence of iron and 
manganese oxide impurities within the structure of 
the mineral. 


ONYX is another form of agate with straight, parallel 
bands. It is very popular for use in pendants and in 
brooches on which designs are cut to leave raised 
figures. These are called cameos. 


Uses 

Agate is frequently cut in thin slabs to make 
ornaments, or highly polished to make brooches 
and pendants. 


Because agate absorbs liquid (is porous), it may 
easily be dyed or stained to enhance its natural colour 
and increase its commercial value. Many of the cheap 
pieces on sale in shops have been artificially treated in 
this way. 

Naturally, not all agate has the magnificent banding 
shown in the photographs here, but even the less 
visually striking pieces can still be valuable — not as 
ornaments, of course, but in industry. Agate is 
sometimes used as an abrasive for burnishing and 
polishing other materials of similar but slightly inferior 
hardness, and also in the manufacture of pestles and 
mortars, which are still used by professional chemists 
and pharmacists. 


Finding agates 

Agate often forms in rounded hollows within basaltic 
lava. These hollows are the spaces where there were 
gas bubbles when the lava was molten. The rounded 
masses of agate are much harder than the surrounding 
basalt, and when the rock is weathered and eroded the 
agates are left behind and can often be found in river 
gravels and on seashores. 


Feldsp 
oroup 


Feldspars are plentiful 
almost everywhere on 
Earth and have also 
“= been found on the 
Moon. They are widely used as 
industrial abrasives and in the 
manufacture of porcelain and glass. 


eldspars are the world’s most abundant 
minerals — they make up over 50 per 
cent of the Earth’s crust. Because there 
are many different feldspars, they are used by 
geologists in the classification of igneous rocks — 
that is, igneous rocks are categorised according to the 
amount and type of feldspar they contain. 

Feldspars are generally light in colour, although 
some may be dark and the precious stone amazonite is 
blue-green. Feldspars tend to be slightly translucent 
and have a surface sheen (lustre) which resembles 
that of glass. All feldspar minerals score between 6 
and 6% on the Mohs Scale of hardness: they cannot be 
scratched with a steel blade, although a metal file will 
mark them easily. Most feldspars can scratch glass 


without difficulty. 


Aluminosilicates 

The basic chemical components of all feldspars 
are aluminium, silicon and oxygen. Compounds 
containing these elements are known as 'alumino- 
silicates’. Feldspars also contain one or more of the 
metals potassium, sodium and calcium. 

Within this broad outline, there are two main 
groups of feldspars — these are known as orthoclase 
feldspars and plagioclase feldspars. In addition to their 
basic aluminosilicate components, all the orthoclase 
feldspars contain potassium, while the plagioclase 
feldspars contain sodium or calcium, or a combination 


of both. 


MINERALS 


v Orthoclase on a base (matrix) 
of quartz from Baveno, Italy. 
Orthoclase is an alkali feldspar, 
and the main metal it contains is 
potassium. Crystals of this mineral 
belong to the monoclinic system 
and are frequently found in 
twinned formations. 


Orthoclase feldspars 

The feldspars in the orthoclase group are silicates 

of potassium and aluminium, with the formula 
KAISi,O,. Sanidine and microcline share this formula 
with orthoclase itself. Orthoclase forms crystals which 
have the symmetry of the monoclinic system and are 
usually prismatic or tabular. With a hardness of 6 to 
6%, it cannot be marked by a knife blade. 

Generally orthoclase is white in colour, but it is 
quite often pink or reddish, and can be yellow, grey 
or green. On its fresh crystal or cleavage surfaces, 
orthoclase has a vitreous or pearly lustre. A good aid 
to identification is that orthoclase displays twinning 
that consists of two crystals joined lengthwise. These 
two crystals often reflect the light differently and as a 
specimen is rotated in the light this is readily visible. 
Twinning helps to distinguish orthoclase feldspar from 
the members of the plagioclase group. 

Orthoclase is a very common mineral in many 
igneous rocks, especially the acid igneous rocks 
occurring in the coarse-grained rocks granite and 
pegmatite, where it may form as phenocrysts (large 
crystals) set into the rock matrix. It also occurs in 
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A Albite from Bolzano, Italy. 
This mineral may contain 
100 per cent sodium and 

is an end member of the 
plagioclase feldspar series. 


v Orthoclase from the 
Russian Urals. Orthoclase is an 
alkali feldspar which contains 
up to 67 per cent sodium. 


v Orthoclase with schorlite 
and albite (Brazil). 


A A fine specimen of labradorite, a member of the plagioclase feldspar series. 


rhyolite and the intermediate rocks syenite and 
trachyte. Orthoclase is found in many metamorphic 
rocks, especially gneiss and schist. In sedimentary 
rocks it is a detrital mineral, having been weathered 
from its original source rock and then deposited. 


Plagioclase feldspars 

The plagioclase feldspar group contains many different 
feldspars which form a continuous series. These 
minerals are aluminium silicates of either calcium 

or sodium, or combinations of these two metals. 

At one end of the series is anorthite — calcium 
aluminium silicate. At the other end of the series is 
albite, which is sodium aluminium silicate. Between 
the two are many feldspars which contain both metals 
and have the general formula (Na,Ca) Al, Si; ;O,. 
For example, oligoclase contains about 80 per cent 
sodium and 20 per cent calcium; labradorite has 


about 50 per cent of each and bytownite contains 
20 per cent sodium and 80 per cent calcium. When 
these minerals form during the cooling of magma 
or lava, those containing calcium crystallise first. 

Anorthite is the plagioclase which forms at the 
highest temperature. Gradually, as the temperature 
of the magma falls, sodium replaces the calcium in 
each molecule of crystallising plagioclase, until 
albite is formed. 

Plagioclase feldspars can be distinguished from 
orthoclase by their multiple twinning. Instead of just 
two joined crystals they have many thin prismatic 
crystals joined lengthwise. This multiple twinning can 
be seen as slender alternating stripes which reflect the 
light at different angles. Plagioclases occur mainly in 
the basic igneous rocks such as gabbro and dolerite, 
though they also occur in granites and many 
metamorphic rocks. 
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Hübnerite 


| Hübnerite is an ore of 
74^. tungsten. It is either 
t ! yellowish brown or reddish 
brown in colour. It is named after 
Adolph Hübner, a 19th-century 
German engineer. 


fter wolframite 
and scheelite, 
hübnerite is the 


third most important 
industrial source of the 
metallic element tungsten. 
Tungsten, which was 
first isolated in 1783, 
was formerly known as 
wolfram, and today its 
chemical symbol is still 
“W. It is one of the 
densest metals and has 
a higher melting point 
(over 3400°C) than any 
other metal. It is white or 
grey in colour. 


Uses of tungsten 

Tungsten is widely used as a filament for electric 
lights in which the metal is heated with an electrical 
current until it starts to glow (that is, it becomes 
incandescent). The glass bulbs which encase tungsten 
lamps may contain small quantities of an inert gas to 
increase its light-giving power: this gas is frequently 
argon, but may also be neon. 

Tungsten steel, which contains up to 20 per cent 
of the metal together with traces of carbon, is used 
to make high-speed cutting tools. Tungsten is also 
widely used in the manufacture of electrical contact 
points and in X-ray targets. 


Member of series 

Hübnerite is the manganese-rich end member of the 
wolframite series, of which iron-rich ferberite is the 
other end member. 

Hübnerite can be cleaned using distilled water. 
Ordinary tap water should not be used for this 
purpose because it contains impurities which may 
discolour or damage the surface of the mineral. 


A A reddish brown specimen of hübnerite. 
The associated colourless mineral beneath it is 
quartz (Pasto Bueno, Peru). 


CHARACTERISTICS 


Hübnerite is a tungstate, one of a small group of 
minerals containing tungsten and oxygen. Each 
molecule also contains one atom of manganese. 

Crystals of hübnerite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. The crystals tend to 
be prismatic or tabular. When they are struck with a 
hammer or subjected to pressure, they break off 
cleanly along their weakest structural planes: 
hübnerite is thus said to display perfect cleavage. 

Hübnerite is only moderately hard, measuring 4-47 
on the Mohs Scale, and can be scratched easily with a 
steel point. It is a notably heavy mineral, weighing 
over seven times more than the equivalent volume 
of water at room temperature. 


Industrial mineral 


FACT FILE 


HÜBNERITE 


Group: Tungstates 


Crystal system: Monoclinic 


Chemical formula: MnWO0, 


Hardness: 4-44 


Density: 7.18 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Reddish brown to yellowish brown 


Streak: Reddish brown, greenish grey or yellow 


Lustre: Submetallic 


Fluorescence: None 


4 also found in Cornwall and Cumbria (England). 


4 Y Three typical 
specimens of hübnerite 
from the abundant 
deposits of tungsten- 
bearing mineral ores at 
Pasto Bueno (Peru). 


Hübnerite forms in metal-bearing veins connected 
to granites or pegmatites. It is often found in veins of 
quartz in association with cassiterite and scheelite. 

It may also occur in 'placer' deposits formed from a 
mass of small particles which have been transported 
from one location to another by ice or water. 

The finest crystals of hübnerite come from 
Morococha (Peru) and Panasqueira (Portugal). 
Industrially important deposits are mined in the 
following countries: Bolivia, China, France, Myanmar 
(Burma) and Spain. In the USA, hübnerite is mined in 
Colorado, Idaho, Nevada and New Mexico. Veins are 
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Uvarovite is one of 
the six main types 
i = Of garnet. Some 
specimens are gem quality. 


varovite is bright green. It is named after 
Count Sergei S. Uvarov (1765-1855), a 

— Russian author and statesman. 

Garnets may be roughly divided into two main 
groups. One of these groups consists of almandine, 
pyrope and spessartine, while the other is made up of 
andradite, grossular and uvarovite. 


A The photographs on this page show fine cubic 
crystals of uvarovite from the Urals (Russia). 


Uvarovite’s green colour is caused by the 
presence of chromium in its chemical composition. 
There are two atoms of chromium in every molecule 
of uvarovite. 


Uvarovite belongs to the silicate group of minerals. 
. Each molecule is made up of three atoms of calcium, 
two atoms of chromium, three atoms of silicon and 
12 atoms of oxygen. 

Crystals of uvarovite conform to the cubic system 
of symmetry and sometimes appear as 12-sided 
shapes (dodecahedra). The crystals may have grooves 
(striations) running the length of their surfaces. 
Other uvarovite specimens occur as coarse grains. 

Uvarovite is a moderately heavy mineral, weighing 
approximately three and a half times more than the 
equivalent volume of water at room temperature. It 
is also hard, scoring 67-7 on the Mohs Scale: this 
means it cannot be scratched with the blade of a 
knife. Nevertheless, even the finest gem-quality 
specimens are brittle and so difficult to cut. 
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FACT FILE 
UVAROVITE 


Group: Silicates 
Crystal system: Cubic 
Chemical formula: Ca;Cr;Si;0;; 
Hardness: 6-7 
Density: 3.4-3.8 
Cleavage: None 
Fracture: Conchoidal 
Colour: Green 
Streak: White 

Lustre: Vitreous 
Fluorescence: None 


Uses 

The best uvarovite specimens 
have clearly defined crystal 
shapes and a strong green 
colour. Such specimens may be 
fashioned into gemstones but 
they are very rare, and of limited 
use for jewellery because they are 
quite fragile and usually very 
small. So although uvarovite is 
highly sought after by mineral 
collectors, it is extremely 
unusual to find a commercially 


valuable specimen. 


Treatment 

When found in metamorphosed 
limestones, uvarovite is often 
coated with calcite. This can be 
removed with dilute 
hydrochloric acid. 


>v Uvarovite specimens from the 
Ural Mountains (Russia). Most of 
the world's uvarovite comes from 
there or from Canada. 


MINERALS | 


Uvarovite is found mainly in serpentinite and also 
sometimes in skarns. These are both rocks whose 
original make-up has been altered by heat and 
pressure (metamorphic rocks). It may also occur in 
some metamorphosed limestones. The mineral often 
forms in association with chromite. 

The world's main uvarovite occurrences are found 
at Orford, Quebec (Canada), where it forms with 
diopside, and at Bissersk in the Ural Mountains 
(Russia), where it is found in association with 
chromite. The finest gem-quality crystals come mainly 
from Outokumpu (Finland) and Kop.Daglari (Turkey). 


- Most other occurrences are insignificant. 


DISCOVERY oy, 


e Crystallographic 
analysis of minerals 


Although it is very important to analyse accurately the chemical elements which 
make up a mineral, this is not on its own enough to establish beyond doubt the 
exact identity of the specimen under examination. Further aids to making a positive 
identification include close analysis of the crystal structure. 


Crystal structure 

Some minerals, while materially different from 

each other, are virtually indistinguishable in chemical 
terms. Diamond and graphite, for example, are both 
forms of the same element, carbon; andalusite, 
cyanite and sillimanite are all aluminium silicates 
with exactly the same chemical formula, Al,SiO.. 
Certain differences between these and other 
polymorphs can only be established by 
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examination of their internal make-up. Figure 1 Figure 2 
For hundreds of years, scientists knew no 
€ more about the internal structure of a crystal than A Two illustrations showing diffraction patterns 
what they could glean from external examination displayed under X-ray analysis using the technique 
of its faces. Crystallographers and mathematicians originally developed by Max von Laue. 
speculated that the regular geometry apparent in Figure 1: A crystal of beryl. This mineral is an 
crystals — the constant angles and smooth faces — aluminosilicate of beryllium which crystallises in 
must stem from (and be indicative of) some form of the trigonal system of symmetry. 
internal order. However, no one could be sure of Figure 2: A crystal of calcite, a calcium carbonate 
this because even the most powerful microscopes mineral which also forms crystals in the trigonal system. 


were incapable of seeing 
deeply enough into the 
interior of the crystals. 


Róntgen and X-rays 
Then, at the end of the 
19th century, researchers 
made two breakthroughs. 
The first came in 1895 
with the discovery of X- 
rays. The man responsible 
for this was the German 
scientist Wilhelm 
Röntgen (1845-1923), 
who in 1901 became the 
first winner of the Nobel 
Prize for Physics. 

€ Róntgen's work had a 
momentous impact on 
the development of 
medicine and was also 
important in the history A The photographs on this page show normal, external views of the same minerals 
of mineralogy. mentioned above: calcite (above) and beryl (right). 


Crystallographic analysis of minerals 


Max von Laue 

Then, in 1912, the German physicist Max von Laue 
(1879-1960) made important new discoveries about 
the way X-rays are diffracted when they are passed 
through crystals. Not only did his work represent a 
great advance in crystallography, it also paved the way 
for the development of solid-state physics, a key 
element in modern electronics. For this, von Laue 
was awarded the Nobel Prize for Physics in 1914. 

Von Laue was the first to demonstrate that X-rays 
are a form of electromagnetic radiation similar to light. 
What is even more significant for crystallography is 
that X-rays have wavelengths which are comparable in 
size with the distances between the atoms in most 
crystals. Thus, when X-rays are passed through a 
specimen, the repeated pattern of the crystal's lattice 
structure acts upon them like a diffraction grating: 
those which pass straight through create no image; 
those which hit a structural obstruction leave a mark. 


Diffraction patterns 

X-ray crystallographic analysis involves directing a 
beam of X-rays at a crystal and recording the results 
photographically. The diffraction pattern consists of an 
arrangement of spots on a photograph, and the crystal 
structure can be worked out from the positions and 
varying intensities of the diffraction spots. 
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A An X-ray diffraction diagram showing the arrangement 
of matter inside dawsonite, a hydrated carbonate of 
sodium and aluminium. Before being subjected to X-ray 
analysis, the mineral has been finely powdered in order 
to capture as many different facet orientations as 
possible. The precise form of crystal symmetry - 

this case, orthorhombic - is then calculated from the 
distances between the bands of darkness and light. 


While this information is extremely helpful to 
crystallographers, it is not enough on its own to enable 
them to deduce the exact crystal structure of the 
material under examination. They must take the data 
supplied by the first X-ray bombardment and propose 
various structures which might create an identical 
pattern of spots if the procedure were to be repeated. 
These proposals are then fed into computers which 
are programmed to calculate how the model would 
in fact scatter the X-rays. These theoretical results are 
compared with those of the actual experiment, and it 
is by this process of trial and error that the exact 
structure of the mineral can finally be determined. 

The time taken to conduct these experiments 
varies enormously according to the complexity of the 
material under examination. In the case of a simple 
cell unit, the conclusions can be reached in a matter of 
hours; complex structures may take years to analyse. 


4 The interior of a tourmaline 
crystal being analysed by the 
Bragg method. Here, instead 

of being pulverised, the mineral 

is rotated so that the image 

can capture a wide range of 
orientations. (Tourmaline is a 
complicated borosilicate of 
sodium and aluminium which 
crystallises in the trigonal system.) 


< Diffraction analysis using the 
Weissemberg camera method. This 
involves oscillation of both the 
mineral and the camera itself 
through angles of between 5* and 
15°. Here again, the object of the 
exercise is to obtain as many images 
of the X-ray diffraction from as 
many different angles as possible. 
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Afghanistan is 
a landlocked 
country in 
western central 
Asia. It is 
bounded in 

the north by 
Turkmenistan, Uzbekistan and Tajikistan; 
in the east by China and Pakistan; in the 
south by Pakistan and in the west by 
Iran. Its area of 652,225 sq. km makes 

it about the same size as the state of 
Texas in the USA. 


Margo Desert 


Helmand R 


fghanistan contains a wide variety of 
nv deposits. However, a combination of 

prolonged war and lack of equipment has, to 
date, prevented their full exploitation. 


The terrain 

Three quarters of Afghanistan is mountainous and the 
principal mountain system is the Hindu Kush. This 
range extends for about 965km from the northeastern 
frontier with China to the borders of Iran in the west. 
The average altitude of the Hindu Kush is 4270m and 
the lowest pass is 2987m. 

The Hindu Kush consists largely of granites, gneiss 
and schists, and is often marked by limestones, shales 
and clays. The core of the range is formed by a 
complex sequence of metamorphic rocks containing 
marble, together with granodiorites which contain a 
mixture of dark-coloured and light-coloured minerals. 


Hazarajat Highlands 
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A. A panoramic view across the mineral-rich Hindu Kush. 


The best-known Afghan landmark is undoubtedly 
the eastern Khyber Pass, through which runs the road 
link with Pakistan. 

In the central highlands of Hazarajat there are five 
small lakes called the Band-e Amir. They are famous 
for their unusual shades of colour, which vary from 
milky white to dark green and are caused by the 
mineral components of the underlying bedrock. 


Mineral wealth 
For centuries, minerals have been mined in the 
mountainous areas. Deposits include small quantities 
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of copper, gold, gypsum, silver and talc, together with 
much larger supplies of beryl and lapis lazuli. 

Beryl is the main commercial ore of beryllium: it is 
a variously coloured and transparent mineral. Emerald, 
an extremely valuable gem, is a green variety of beryl 
which is coloured by small amounts of chromium. In 
some areas of Afghanistan, such as Konar, large beryl 
crystals, some over a tonne in weight, can be found 
embedded in a type of granite known as pegmatite. 

The world's only known deposits of high-grade 
lapis lazuli are to be found in the area to the south-east 
of Feyzabad. Golden specks of pyrite are visible 
throughout blue Afghan lapis. 

Afghanistan is virtually self-sufficient in rock salt: 
this is thanks to the 40,000 tonnes per annum that are 
mined in Talogan. 


GROUNDWORK 


<Dry valley and 
mountainous escarpment 
on the road between 
Kabul and Bamian. 


Natural resources 
There is little doubt 
that the country’s other 
natural resources, such 
as chromium, iron ore, 
sulphur, uranium and 
zinc, have been 
underexploited. 
Nevertheless, high-grade 
iron ore has been found 
and mined successfully 
near Hajigak. Copper, 
lead and zinc deposits 
have been found near 
Qonduz. 

Coal production, 
located on the northern slopes of the Hindu Kush, 
rose to about 190,000 tonnes a year by the late 1980s. 
Some deposits, such as those at Qal’eh-ye Sarkari, are 
of coking quality, but at present only the lower grade 
deposits at Karkar and Eshposhteh are properly 
exploited because they are closest to Kabul, the 
capital and the main centre of consumption. 

About 60 per cent of the country’s electricity 
is produced by dams and hydroelectric stations. 
Hydroelectric projects are to be found on the Helmand 
and Kabul rivers. The remainder of the country’s 
electricity is produced by thermal plants which use coal 
and petroleum products. Large deposits of natural gas 
are extracted from the area around Shibarghan. 
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v One of the beautiful lakes of the Band-e Amir. 
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The word igneous comes from the Latin ignis, meaning ‘fire’. Igneous rocks 
are formed from molten material that is called magma when it is 
underground, and lava when it has been erupted onto the Earth's 

surface. Igneous rocks are primary rocks, that is, they are the oldest rocks which 
formed first before later ones. 


gneous rocks are usually made of interlocking 

mineral crystals, the size of which depends on 

how and where the magma or lava 
cooled down. 


Magma probably originates deep in the | 
Earth's crust or in the upper part of the 4 
mantle — the layer beneath the crust. 
Here temperatures are so high that 
rock can melt. But the great pressure 
at these depths may prevent magma 
from becoming very liquid. 

Magma is called a ‘silicate melt’ 
because its chemical make- up is 
mainly silicon and oxygen, with 
certain metals such as aluminium, 
calcium, potassium, sodium and iron, 
which in various combinations form 
silicate minerals. Magma rises 
towards the Earth’s surface under 
pressure and as it does so it may 
become more liquid. Some magma 
reaches the surface and erupts as 
lava, which forms volcanoes; much 
magma cools down underground 
and forms masses of igneous rock. 


Igneous rocks are classified according 
to their grains (crystals) and chemical 
composition. The size and shape of their grains and 


the way they all fit together is called the rock texture. Porphyritic granite. Large crystals embedded in a 
In some igneous rocks all the grains are the same finer-grained groundmass are typical of this type of 
size; there can also be differing grain sizes within one igneous rock (Shap Fell, Cumbria, England). 
rock. Some rocks are composed of minute grains; other 
have grains measured in centimetres. over 5mm in size, though they are often far larger. The 
If magma cools deep underground (perhaps a few grains in pegmatite can be a few centimetres across. 
kilometres) in a large intrusion that will retain its heat Magma which forms in smaller intrusions, 
for a long time (often for millions of years) then large including sills and dykes, will cool more rapidly and 
grains will develop. These rocks are coarse-grained the grains are in the 5mm to 0.5mm size range. These 
igneous rocks, such as granite and syenite, of which are medium-grained rocks 
the grains can be easily seen with the naked eye. Lava, which has erupted into the cold environment 


Coarse-grained rocks are those in which the grains are on the Earth surface, cools very rapidly and so its 
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Igneous rocks 


grains are often far less than 0.5mm 
in size. Basalt, rhyolite and andesite 
are in this category. Lava which cools 
virtually as it is erupted forms the 
volcanic glass obsidian. 

Sometimes a rock has a variety of 
grain sizes, which can give it an 
attractive texture. If magma is Se: 
cooling at great depth, large grains — & 
will form. This magma may then rise 
rapidly towards the surface and at 
shallow depth the rest of the magma (ie 
cools rapidly forming small grains 70% 
surrounding the large ones. The 
resulting rock texture of large 
grains set in a relatively fine- 
grained matrix is called a 
porphyritic texture. 
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Igneous rocks vary in their 
chemical make-up and this 
is the second way in 
which they are classified. 
These rocks are made up 
of relatively few minerals. 
Quartz is often important, along 
with feldspar, mica, amphibole, 
pyroxene minerals and olivine. 
There are also quite a number of 
accessory minerals that can occur, but these have no 
bearing on the chemical classification of the rock. 
Geologists have taken the words ‘acid’ and ‘basic’ 
from the science of chemistry to define the different 
chemical rock groups, though they have a different 
meaning in geology. Acid rocks are those which have 
more than 65 per cent silica in them. This is contained 
in various minerals, especially quartz, feldspar and 
mica. Intermediate rocks have between 65 per cent 
and 55 per cent total silica and the basic rocks 55 to 
45 per cent. 


Basalt is a fine-grained 
basic igneous rock 
consisting of plagioclase 
feldspar and olivine. It is 
the most common form 
of volcanic rock and 
usually extrusive. This 
cross-section of a thin 
slice of olivine basalt 
shows olivine phenocrysts 
in feldspar, chlorite and 
pyroxene. 


The basic rocks are made mainly of pyroxene 
and plagioclase feldspar with only a very small 
amount of quartz. The ultrabasic igneous rocks 
have less than 45 per cent total silica content. 
Certain ultrabasic rocks contain virtually only 
one mineral. Dunite, for example, is an 
olivine rock. 
There are very complex reasons to 
explain why some rocks are acid and 
others basic in composition. The acid 
rocks tend to be of relatively low density 
and are pale coloured, while the basic 
and ultrabasic rocks are heavy and dark 
coloured. As magma cools, the dense 
heavy minerals crystallise first. These 
are olivine and pyroxene. If this 
process continues, a basic rock may 
be formed. However, it may 
happen that some of the magma, 
from which the densest minerals 
have already developed, can 
break away and rise upwards in 
the crust. This mass of magma 
will contain chemical 
elements from which only 
lower density minerals can 
form, as it lacks the 
materials from which the densest 
minerals form, so an acid rock is the result. 


Igneous 
basalt taken 
from the Moon 
by the US Apollo 
12 mission. 


Two of the commonest igneous rocks are granite and 
basalt. They are very different from each other, and are 
important components of the Earth’s crust. Basalt is 
possibly the most common rock on Earth, as it covers 
the vast ocean floors. Granite, on the other hand, 
forms the continents and is in the roots of the great 
mountain ranges. These rocks are different in other 
ways — granite is pale, coarse-grained and of low 
density, while basalt is dark coloured, fine-grained, 


and of higher density. 
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| MINERALS 


Tourmaline 


Tourmaline is the name given to a 
whole group of minerals. Some 


varieties are valued as 
gemstones, while others 
are used in industry. 


any tourmalines make popular 
gemstones, and are used in 
jewellery and other forms of 


ornamentation. However, their electrical 
properties mean that they are also ideal for 
use in precision pressure gauges. 

When tourmaline is subjected to 
mechanical stress, it develops electrical 
charges on its surface. The same effect also 
happens in reverse: when it is subjected to an 
electrical charge it shows mechanical stress. 
The scientific term for this is piezo- 
electricity, and tourmaline - like quartz 
— is a piezoelectric mineral that charges 
positively from one end and negatively 
from the other. Because of this property, 
tourmaline is used in the manufacture 
of manometers. 


Tourmalines 
of the elbaite 
variety from 
< Brazil and 
A California. 


CHARACTERISTICS 


Tourmaline is a member of the silicate group of minerals. It 
is a complex boro-silicate, but within that framework the 
component elements may vary a great deal. All forms 
of it share the same basic crystal structure, which 
is trigonal; the crystals have parallel grooves 
(striations) along their surface. 
Tourmaline has an average density and is very 
hard: it is three times heavier than water and 
scores between 7 and 74 0n the Mohs Scale - 
it scratches feldspar but is itself scratched 
by topaz. 
All tourmaline varieties have a glassy sheen 
(vitreous lustre). Some dark rubellites are rich in 
fibrous inclusions and may have long microscopic 
internal cavities - these may give rise to a cat's-eye 
effect which is enhanced when the gemstone is cut in 
the cabochon shape. 

Tourmaline is insoluble in acid, and the varieties that are rich 
in lithium, for example elbaite, cannot be melted (they are 
infusible). Some of the variable chemical constituents of 
tourmaline - notably, iron, magnesium and aluminium - are 
interchangeable with each other within the structure of the 
mineral. The depth of the colour of rubellite increases in 
proportion to its specific gravity (SG) - the higher the SG, the 
redder the rubellite, and the redder the rubellite the higher its 
commercial value as a gemstone. 
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f] Manometers | | ORIGINS and DISTRIBUTION & 
o manometer is a gauge that is used to measure 
c differences in pressure. Typically, it consists of a glass Tourmaline occurs in the igneous rocks granite 
. E U-tube that contains the metal mercury, which is and pegmatite, formed from the cooling of magma 
liquid at normal room temperature. Different levels deep in the Earth's crust. It is also found in some 
vw» of pressure are indicated by the different levels of the metamorphic rocks (those formed by heat and/or 
m liquid in each arm of the tube. The pressure of the pressure). The most famous sources of colourless 
— unknown liquid can be calculated by taking the tourmalines (achroite) are Brazil and California, USA. 
ELI difference between its level and that of the mercury. Elbaite was originally discovered on the island of Elba, 
a 5 Tourmaline is also sometimes used in depth- from which it takes its name. Rubellite is also found in 
E sounding apparatus and in other instruments that are Brazil, as well as in Madagascar, Myanmar (Burma), 
: used to detect and register variations in pressure. Siberian Russia and the USA. Dravite occurs in - 
E Coloured varieties of tourmaline, when transparent Australia, the Austrian district of Drave, Canada, 
: o and flawless, are cut as gemstones. Black schorl was Mexico, Sri Lanka and the USA. Schorl is common in 
M once worn as mourning jewellery, but now has little a granite in Cornwall, England. 
value as a gem. "a à 


Large family 


FACT FILE 


Tourmaline is the collective name for a large group 
of minerals whose members include dravite, elbaite, TOURMALINE 
indicolite, rubellite and schorl. Dravite can be various Group: Silicates 
shades of brown, indicolite is dark blue, rubellite is Crystal system: Trigonal 
pink and schorl is black. Elbaite can be multi- Chemical formula: Na(Mg,Fe,Li,Mn,Al);A1,(BO3)3Sis01s(OH,F), 
coloured. Hardness: 7—7/ 
Other members of the group include buergerite, Density: 3-3.2 
which is dark brown, chromdravite (green), siberite Cleavage: Indistinct 
(lilac/red) and uvite (black or brown). Achroite is a Fracture: Uneven to conchoidal 
rare, colourless variety of elbaite. There are also green Colour: Red, blue, brown, green, black, colourless or parti-coloured 
and yellow tourmalines and a variety that is pink at Streak: Colourless 
one end and green at the other, with a clear dividing Lustre: Vitreous 
line between the two colours. Fluorescence: None 


These colour differences are caused 
by slight variations in the chemical 
composition of the tourmaline. 
Tourmaline is a very 
complicated silicate that 
contains boron. Schorl is 
black because it contains 
iron; dravite and uvite 
contain magnesium; 
and elbaite contains 
lithium. 


> Uvite crystals 
from Pierrepont, 
New York, USA. 


v Three cut 
tourmalines showing 
a range of the 
gemstone's colours. 


> A crystal of 
green elbaite 
from Minas 


Anatase is one of three 
distinct minerals composed 
of titanium dioxide. 


natase may be blue, brown, black, greenish, 

red, greyish, white or colourless. It often forms 

in long prismatic or pyramidal crystals and 
takes its name from the Greek anatasis, meaning 
‘stretching out or ‘extension’. 

Anatase was first identified and described as a 
distinct mineral in 1801 by the French 
crystallographer René-Just Haüy (1743-1822). It 
often occurs in the form of eight-sided crystals and 
hence is sometimes known by the alternative name 


A Black anatase from Novara (Italy). 


octahedrite. Although classified as a rare mineral, 
anatase is fairly widely distributed, albeit in small 
quantities. 


Polymorphs 


Anatase, brookite and rutile are chemically identical 


but are classified as separate minerals because they have 
so many different physical properties: in scientific 
terms, they are said to be polymorphs of titanium 
dioxide (TiO;). Among other differences, they each 
have different densities, anatase having the lower and 
rutile the higher. 


Anatase is a member of the oxide group of minerals. 
Each molecule of the mineral is made up of one atom 
of titanium combined with two atoms of oxygen. 

Crystals of anatase conform to the tetragonal 
system of symmetry in which the three 
crystallographic axes are at right angles to each 
other, but only two are equal in length.This mineral 
often occurs as prisms with pyramids at both ends, 
and sometimes in eight-sided shapes (octahedra). 

Anatase may vary from the transparent to the 
| virtually opaque. Most coloured anatase sparkles like 
a diamond: in scientific terms, it is said to have an 
adamantine lustre. By contrast, opaque, dark 
specimens of the mineral have a distinctive metallic 
sheen (lustre). 

Anatase weighs almost exactly four times as 
much as the equivalent volume of water at normal 
room temperature. 


<A typically elongated, prismatic crystal of brown 
anatase discovered at Binnental (Switzerland). 
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Rare mineral 


ANATASE 


Group: Oxides 


Crystal system: Tetragonal 


Chemical formula: TiO; 


Hardness: 5.5-6 


Density: 3.84.0 


Cleavage: Perfect 


Fracture: Subconchoidal 


Colour: Brown, blue, black, green, red, grey, white, colourless 


Streak: White 


Lustre: Adamantine to submetallic 


Fluorescence: None 


> Translucent brownish 
crystals of anatase from 
Trentino (italy). 


The photographs on this page show two colour 
variants of anatase. 
4 Dark brown anatase from Binnental (Switzerland). 


ORIGINS and DISTRIBUTION < 


Anatase occurs as an accessory mineral in a variety 
of igneous rocks (those formed by the cooling of hot 
molten material). Accessory minerals are found in 
very small amounts in igneous rocks but have no 
bearing on the classification of the rock in which 
they occur. Anatase is also a minor constituent of 
certain metamorphic rocks (those formed by the 
alteration of pre-existing rocks by the action of heat 
and/or pressure.) 

Anatase is widely distributed throughout the 
world but seldom occurs in large quantities. The 
principal occurrencies are in the following locations: 

- Rauris (Austria); Bahia and Minas Gerais (Brazil); Bourg 
d'Oisans, Isere (France); Hardangervidda (Norway); 
around Sanarka in the Ural Mountains (Russia); in the 
Binnental Valais and on the slopes of Mont Blanc 
(Switzerland). In the USA, anatase is found at 
Somerville (Massachusetts), while in Beaver Creek 
(Colorado) there are rare and beautiful blue crystals 
of the mineral. Anatase has also been found in the 

British Isles, notably in chlorite near Tavistock, Devon. 


Tests and treatment 


Many specimens of anatase have unsightly iron stains 
on their crystal surfaces. These imperfections can be 
removed with oxalic acid. 

Anatase is insoluble in acids and will not melt (is 
infusible) in an open flame. These tests provide useful 
clues to its identity, but they are not conclusive 
because both brookite and rutile are similarly 
unreactive. Most naturally occurring forms of titanium 
dioxide have to be subjected to close scientific analysis 
before their identity can be determined. 
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Parisite is a very rare 
mineral. Although it has 
beautiful crystals, its main 
point of interest is its highly 
unusual chemical composition. 


m! 


[ \atisite is usually brown or brownish yellow in 

| 7 colour. It was first identified as a distinct mineral 
A in 1845 and named after its discoverer, the 
English amateur mineralogist J.J. Paris. 

Parisite is a fluoro-carbonate of calcium, cerium 
and lanthanum, and is one of very few rare-earth 
carbonate minerals. Some forms of parisite contain 
significant amounts of neodymium, which may give 
the mineral a greyish-blue colour. 


A Parisite from Hopfeldboden (Austria). 


Y Beautifully formed brownish yellow crystals of 
parisite (Novara, Italy). 


Parisite is basically a member of the 
carbonate group of minerals, but because 
it contains fluorine it is sometimes 
classified as a fluoro-carbonate. Each 
molecule also contains calcium, cerium, 

. lanthanum, carbon and oxygen, and in 
addition some specimens have varying 
quantities of the rare-earth metal 
neodymium. 

Crystals of this mineral conform to the 
trigonal system of symmetry. They often 
occur as double hexagonal pyramids but 
may also occur in a variety of other shapes. 

Parisite scores 440n the Mohs Scale of  . 
hardness and can easily be scratched with 
the blade of a knife. It is a moderately 
heavy mineral, weighing slightly more than 
four times the equivalent volume of water. 

Despite the brown or yellowish-brown 
colour shown by crystals of parisite, the 
streak (powdered form) of the mineral is 
white. This can be shown by means of the 
streak test in which a specimen of parisite 
is rubbed along a piece of white, unglazed 
| porcelain. 

If parisite is hit with a heavy object, it 
will break producing a pattern resembling 
that on the surface of a seashell: this is 
known as conchoidal fracture. 
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Rare mineral 
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PARISITE 


Group: Carbonates 

Crystal system: Trigonal 

Chemical formula: Ca(Ce,La);(CO;);F; 
Hardness: 47 

Density: 4.36 

Cleavage: Distinct 


Fracture: Conchoidal to hackly 


Colour: Yellow-brown 
Streak: White 
Lustre: Vitreous to resinous 


Fluorescence: None 


Small crystals 
Parisite is a rare mineral, which occurs as very small 
crystals. These have an interesting habit and are often 
bi-pyramidal in shape, each of the pyramids having 
six sides. Parisite can also occur as prismatic or 
rhombohedral crystals. It is brittle with distinct 
cleavage and the fracture produces splintery surfaces. 

Parisite is not a mineral that amateur collectors are 
likely to find. It only occurs in a few locations, though 
it is relatively widespread. Also it is only rarely found 
on mineral dealers lists. In any case, the crystals are 
so small that it can usually only be studied with 
magnification, and the various tests normally used 
for identification are best not carried out, for fear of 
damaging the small specimens. 

Parisite has a similar chemical composition to 
three other rare minerals — bastnasite, synchysite and 
rontgenite. Crystals of all four minerals are often 
found growing among the others. 


4 Parisite from 
Hopfeldboden 
(Austria). 


v Crystals of parisite 
from Novara (Italy). 


Parisite occurs as tiny crystals in veins cutting 
through shales, in pegmatite (a granite-like rock 
with very large crystals) and in some altered 
volcanic rocks. 

Parisite never occurs in large quantities, but the 
following are some of the principal locations in 
which it is found: Hopfeldboden and Salzburg 
(Austria); Mont Saint-Hilaire (Canada); the Muzo 
emerald deposit (Colombia); Narsak (Greenland); 
Novara and Piedmont (Italy); San Gotthard and Ticino 
Canton (Switzerland). * 

In the USA, parisite has been found in pegmatite 

» Pipes containing riebeckite and aegirine at Quincy, 

" Massachusetts. 

Small quantities of parasite also occur in Mongolia 
and South Africa. 
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Xenotime 


Xenotime is fairly 
widely distributed XENOTIME 
throughout the world Girone: Phosphates 
but almost never occurs Crystal system: Tetragonal 
in large quantities. Chemical formula: YPO, 
Hardness: 4-5 
Density: 4.4-5.1 
enotime may be yellowish brown, reddish Cleavage: Perfect 
brown, grey, pale yellow, greenish or reddish Fracture: Splintery to uneven 
in colour. Its name means ‘stranger’ in Colour: Brown, green, yellow, reddish, grey 
Greek, a reference to the fact that when it was first Streak: White 
discovered, in the early 1800s, it was wrongly Lustre: Vitreous to resinous 
believed to contain a previously undiscovered Fluorescence: None 
chemical element. 


E - 


. ^J Ns. e 7 P ‘ 4 Elongated, prismatic crystals 
E^ a oco Ow of xenotime from Grisons 

(Switzerland). Despite being 

a mineral of igneous or 

metamorphic origin, xenotime 

may also be found in some 

sedimentary deposits. 
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Xenotime is a member of the 
phosphate group of minerals. 
It is a phosphate of the rare 
metallic element yttrium. 
Crystals of xenotime conform 
to the tetragonal system of 
symmetry in which the three 
cystallographic axes are at right 
angles to each other, but only 
two are equal in length. The 
crystals often form in large 
clusters (aggregates), some of 
which are rosette-shaped. 
When it is hit with a hammer 
or subjected to pressure, 
xenotime breaks off cleanly 
along the edges of its 
component prisms: this is 
known as perfect cleavage. 


XE MINERALS | 


ORIGINS and DISTRIBUTION ĘŚ 


Xenotime forms principally in granitic and alkaline 
rocks that were originally formed through igneous 
activity deep beneath the surface of the Earth 
(igneous rocks). It may also be found in gneisses 
(metamorphic rocks whose original composition has 
been altered by intense heat and pressure). 

Xenotime may also form in new strata after the 
weathering and erosion of the rock to which it 
originally belonged. 

The world's main xenotime locations are in 


the following countries: Brazil, India, Italy, Japan, 
Madagascar, Norway, Poland, South Africa, Sweden 
and Switzerland. 

-Inthe USA, it is found in Alabama, California, 
Colorado, Georgia, New York and North Carolina. 


A A typical specimen of greyish- 
green xenotime from Novara (Italy). 


Similar mineral 

Xenotime is very similar in 
appearance to zircon. Although 
they are easy to confuse at first 
sight, testing for hardness will 
soon establish the specimen's 
true identity. Zircon is a hard 
mineral which scores over 74 on 
the Mohs Scale. Xenotime, by 
contrast, scores no more than 5 
and sometimes as little as 4 on 
the scale: this means it can be 
scratched quite easily with the 


blade of a penknife. 


Treatment 

Crystalline specimens of 
xenotime make attractive 
additions to the mineralogical 
collections of professionals and 
amateurs alike. 

Specimens of xenotime 
should always be cleaned 
carefully with distilled water. 
Ordinary tap water should not 
be used because it contains 
impurities which may damage 
the appearance of the crystals. 


<A pale yellow crystal of 
xenotime. Crystals of this mineral 
make an interesting addition to a 
collection, but they are seldom 
easy to acquire. 
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Minerals from 
outer space 


The meteorites that often land on the surface of the Earth were originally 
created by fragmentation after collisions in outer space between great rock 
bodies called asteroids. Asteroids have remained largely unaltered since their 

formation about 4,500 million years ago, and thus contain important 
information about the original make-up of the solar system. 
The only opportunity for scientists to examine asteroid material is when 


it lands on Earth in the form of a meteorite. 
eteorites are 
derived from 
meteoroids. 


Meteoroids are tiny 
paricles in space which 
are derived from comets. 
When meteoroids are 
drawn into the Earth's 
upper atmosphere, they 
turn to vapour and 
become visible as streaks 
of light in the sky. These 
objects — which are 
also sometimes called 
‘shooting stars’ or ‘falling 
stars — are properly 
known as meteors. 
Meteoroids enter the 
Earth’s atmosphere at 
speeds of at least 11km 
per second (39,600km/h). 
Because of the heat 
generated by friction as 
they rub against the atoms 


and molecules of the air, | A A meteor crater west of Winslow, Arizona (USA). This rimmed, bowl-shaped pit was 

most of them burn up produced by the impact of a large meteorite. It is about 1200m in diameter and about 

shortly after entry into the 180m deep inside its rim. The rim itself rises nearly 60m above the rolling plain of the 

upper atmosphere. surrounding Canyon Diablo. The crater was first recognised in 1891 and is estimated to 

be about 50,000 years old. 

Meteorites 

Some, however, have a large enough mass to survive pyroxene. The main difference between meteorites 

this process: these then reach the surface of the Earth and minerals of earthly origin is that rocks from outer 

as solid bodies. It is estimated that the Earth is hit by space contain the nickel-iron alloys kamacite and 

about 500 such bodies each year. Of these, only about _taenite in far greater quantities than are ever found 

ten are recovered. on Earth. The iron sulphide troilite is also common 
Meteorites are rocks which have many striking in meteorites. 

similarities in composition to their terrestrial Meteorites are classified according to their 

counterparts. Most meteorites are principally made mineralogy into three groups: these are stony, iron and 


up of the silicate minerals olivine, plagioclase and stony-iron meteorites. 
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Minerals from outer space 
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Stony meteorites 

About 90 per cent of all meteorites are stony 
meteorites. The group is further subdivided 
according to the concentration within it of small 
spherical bodies called chondrules. Stony meteorites 
that contain chondrules are called chondrites; stony 
meteorites with no chondrules are known as 
achondrites. About 90 per cent of all stony 
meteorites are chondrites. Most chondrites contain 
silicates in roughly the following proportions: 30 per 
cent pyroxene, 40 per cent olivine and 10 per cent 
plagioclase. They also feature between 5 per cent and 
20 per cent nickel-iron and 6 per cent troilite. 


Iron meteorites 
Iron meteorites — also known as siderites — are 
principally made up of nickel-iron alloys. Most of 
the largest meteorites ever recovered belong to this 
category: this is not surprising because these durable 
metallic elements are more resistant to the friction 
encountered on entering the Earth’s atmosphere than 
any other natural material. The largest iron meteorite 
ever found weighs more than 61,000kg. 

Iron meteorites are usually irregular in shape 
and have either deep internal cavities or large 
protuberances. These are thought to have been 
caused by collisions in space, fragmentation in flight 
or by impact with the Earth's surface. Their surface 
appearance is highly variable and may be smooth, 
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furrowed or covered with shallow depressions. Freshly 
fallen iron meteorites have black fusion crusts which 
are caused by friction in flight. This crust is typically 
less than one millimetre thick and covers only one 
surface of the specimen. 

Internally, iron meteorites often contain a complex 
intergrowth of kamacite and taenite. This feature is 
known as the Widmannsctitten structure and is unique 
to rocks of extra-terrestrial origin. 


Stony-iron meteorites 
Stony-iron meteorites are made up of nickel-iron alloys 
and silicate minerals in roughly equal proportions. 
There are often well-formed crystals of olivine in a 
nickel-iron groundmass (matrix). Only about 4 per 
cent of all meteorites belong to this category. 
Externally, stony-iron meteorites often resemble 
iron meteorites. Sometimes, however, silicate minerals 
on the surface may have been partially worn away to 
give the rock a distinctive, pitted appearance. 


Tektites 

Tektites are small rocks consisting mainly of silica-rich 
glass and are found only in very limited areas of the 
Earth's surface. More than 500,000 tektite specimens 
have so far been collected: most of them were found in 
the Philippines and are thus known as philippinites. 
They are believed to be formed by the melting of 
surface rocks during meteorite impact. 


The photographs on this 
page show stony 
meteorites made up mainly 
of silicate minerals. These 
specimens fell to Earth in 
the following places: 

<a Moravia (Czech 
Republic), 

A Alfianello (Italy), 

A> Agrigento (Italy) and 
4 4 two specimens from 
Tenbury (England). 


Weathering and erosion are often thought to be the same thing, but they are 
very different processes, both of which cause the breakdown of rocks and other 
materials on the Earth's surface. These two processes together create 
denudation - the lowering of the land surface. 


eathering causes the disintegration of rocks 

without any movement being involved, 

that is, rock breakdown 77 situ. This process 
can be chemical, mechanical or biological. Erosion, on 
the other hand, involves movement, and here rocks are 
broken down by moving forces. The sea, rivers, glaciers 
and the wind are all agents of erosion and rocks are 
broken down as they are moved along, or by the 
moving medium charged with rock particles. 

Weathering occurs in all types of climates but some 

of the processes are more concentrated in certain areas. 
For example, chemical weathering can be far more 
effective in warm, humid regions. 


Rain water is naturally a weak form of carbonic acid 
(H,CO,). This acid is produced by the combination 
of water and carbon dioxide in the atmosphere. The 
acidity of rain water has increased since the widespread 
burning of fossil fuels began in the 19th century, and 
today rain water can have a surprisingly high acidity. 
One of the main rocks which is chemically weathered 


A typical sandstone cliff on the coast of Dorset 
(England). This rock is eroded by the sea and 
weathered by winds. 


by rain water is limestone, which is mainly composed 
of calcium carbonate, CaCO,. 

When rain water comes into contact with 
limestone a chemical reaction occurs. Calcium 
bicarbonate is formed, which is soluble in water, and 
so the limestone is changed and weathered. In the 
Pennines of northern England there is a striking 
example of how rapidly this can occur. Here there 
are perched boulders of Silurian rock left as glacial 
erratics on a limestone pavement. The small pillars of 
limestone on which the erratics are now perched are 
about 30cm high and indicate that the limestone 
pavement has been chemically weathered by this 
amount since the end of the Ice Age, about 10,000 
years ago. 

Another form of chemical weathering is called 
hydrolysis. Certain minerals, especially feldspars, react 
with water. These are a major component of granite 
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Weathering 


and certain other rocks. 
Feldspar is broken down by 
this process to make clay, 
which is readily washed away. 
This is very similar to what 
happens when hydrothermal 
fluids attack feldspar, though 
this can be a far faster and 
more widespread process. 

Some soil-dwelling 
creatures act in such a way 
that chemical weathering may 
be increased. They can cause 
the levels of carbon dioxide 
within the soil to rise nearly a 
hundred times, thus increasing 
the levels of carbonic acid. 
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Many rocks have structural 
weaknesses which allow them 
to be weathered mechanically. 
Granite, for example, has a 
system of joints, often resulting 
from the release of pressure 
when overlying rock has been removed. Sedimentary 
rocks have weaknesses along their stratification 
(bedding) and they too may have joint systems. Rain 
water entering such joints can freeze in cold conditions 
and thus expand by about 10 per cent within the rock, 
causing pressure to build up. Porous rocks such as 
sandstone may be weathered in this way, as water 
actually seeps into the rock and then expands on 
freezing. Rock can be shattered by this process. 

In hot climates rocks expand and contract on a 
daily basis. A diurnal temperature range of 40°C or 
more can occur in some arid regions. This may not 
have much effect on fresh rock, but if the rock is 
suddenly cooled (as by a rain storm), or has been 
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When soft sediments like cliff 
faces are eaten away by the 
persistent action of the sea, 
dislodged material may be 
carried away on the tide and 
redeposited elsewhere. This is 
erosion. Meanwhile, however, 
wind and temperature changes 
are also having a significant 
effect on the land: this is 
weathering (Dorset, England). 


This limestone pavement in 
Austria has developed as a 
result of chemical weathering 
caused by the action of 
rainwater. 


chemically weathered, then it 
will further disintegrate by 
heating and cooling. 


Many plants and animals 
can weather rocks. The 
roots of trees can exert great pressure on rocks as they 
grow, while the effect of smaller plants can also be 
remarkable. Even the simplest organisms can weather 
rock surfaces. Lichen, for example, which is an 
association of a fungus and an alga, is able to remove 
minute amounts of surface material from rocks. 


The minerals in rocks most resistant to weathering are 
those containing much silicon and oxygen and few 
metallic elements. Quartz is probably the most 
resistant and very commonly survives when others 
have been weathered. Minerals formed at the highest 
temperatures are most readily weathered. 


the mineral is, more advanced tests can be carried 
out, or the specimen can be taken to a museum or 
university geology department for expert help. 


[ f, after initial testing, it is still unclear as to what 


Initial observations 

The first tests are really observations. What colour 
is the mineral? Many minerals exhibit a variety of 
colours, so this may not be definitive. Nevertheless, 
colour is often a good guide to identification. For 


4 One of the most 
important preliminary 
tests for any mineral 
specimen is designed to 
establish where it stands 
in relation to other 
materials on the Mohs 
Scale of hardness. The 
photograph shows 
quartz, the definitive 
mineral at point 7 on 
this scale. 


example, malachite is always a rich green colour. A 
mineral’s habit is also a very important feature. This 
is the actual shape of the specimen. Is it a crystal? 
It may be a simple cube with six square sides, an 
octahedron, a six-sided prism, or any manner of 
other crystal shapes. Habit can also encompass many 
other, less regular shapes. These include rounded 
bubbly shapes such as botryoidal (like a bunch of 
grapes), reniform (kidney-shaped), dendritic (tree- 
like patterns) and massive (no particular shape). 
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Preliminary analysis 
of minerals 


When confronted with an unidentified mineral specimen it is necessary 
to carry out basic preliminary tests and observations in order to try and find 
out what mineral it is. As these tests are carried out, their results 
are noted down and they can then be compared with mineral descriptions 
in reference books or on the Internet. 
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The photographs on this 
page show some of the 
equipment that can be used 
in identifying minerals. 


4 Streak plates for revealing 
the colour of a specimen's 
streak. This may sometimes 
assist in identification. 


A» Hardness pencils. 

Each has a tip with a 
hardness equal to one of 
the ten points on the Mohs 
Scale of hardness. 


> Portable ultraviolet light 
torches for observing 
whether or not a specimen 
is fluorescent. 


How has the mineral broken? Cleavage is a break 
which produces reasonably flat, smooth surfaces, and 
the shapes made by cleavage are repeated each time 
the mineral breaks. Fracture, on the other hand, is 
often uneven, and makes shapes which cannot be 
repeated. Fracture can also be conchoidal, producing 
curves rather like those on the inside of a sea shell. 


Tests 


The hardness of a mineral is an important property 


and can be discovered by using a straightforward test. 


Hardness is the resistance which any mineral has to 
being scratched, and there is a ten-point scale (the 
Mohs Scale) against which a mineral's hardness is 
measured. To carry out this test on a mineral 
specimen, various objects are available. A fingernail 
has a hardness of 27, a coin is 3% and a penknife 
blade 5%. Common mineral specimens which are 
useful include quartz, which is 7 on the scale. Sets of 


hardness ‘pencils’ can be obtained from mineralogical 
suppliers. These represent all ten points of the scale, 
so very accurate testing can be carried out. 

A mineral's density can be a good aid to 
identification. With experience it is easy to assess 
what the approximate density of a specimen is. For 
example, barite is a pale-coloured mineral which 
could on first observation be confused with many 
others. However, it has a high density which is 
immediately apparent when a specimen is handled. 

Relative density, which is the weight of a 
specimen compared with the weight of an equal 
volume of water, can be easily worked out using a 
eureka can. The can is filled to the level of the spout. 
The mineral specimen is weighed, and then carefully 
placed in the can. Displaced water is collected and 
also weighed. If the mineral weighs 100gm and has 
displaced 50cc (50gm) of water, then its relative 
density is 2.0. 
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P Iceland spar 


Iceland spar is a pure 
à form of calcite with 
an amazing 
optical effect. 


produce distinctive rhombohedral 

cleavage fragments whose faces are 
parallelograms. Its transparency and lack 
of colour enable its double refraction 
(birefringence) to be seen quite clearly. 


Í celand spar breaks readily to 


Birefringence 
Although all forms of the mineral calcite 
display double refraction or birefringence, 
this optical phenomenon may be seen 
most clearly in the colourless and 
transparent Iceland spar variety. 

Light usually travels in a straight line, but 
is deflected whenever it passes from one medium 
into another. This is known as refraction. Thus, a 
pencil half-immersed in water will appear to be bent 
at its point of entry into the liquid: this is ordinary, 
or single, refraction. By contrast, light passing 
through Iceland spar splits into two rays which travel 
at different speeds. This was first noted in 1669 by 
Erasmus Bartholin (1625—1698), a distinguished 
Danish physicist. 
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A This cluster of transparent nail-head 
crystals of Iceland spar was found in 
Cumbria, England. 


It was from studying Iceland spar that Dutch 
physicist and astronomer Christiaan Huygens 
(1629—1695) first proposed the wave theory of 
light and formulated the laws of double refraction 
in 1678. 


FACT FILE 
ICELAND SPAR 


Group: Carbonates 
Crystal system: Trigonal 
Chemical formula: CaCO, 
Hardness: 3 

Density: 2.7 

Cleavage: Perfect 
Fracture: Subconchoidal 
Colour: Colourless 
Streak: White 

Lustre: Vitreous 
Fluorescence: Blue, red or yellow 


<4 A rhombic crystal of Iceland spar clearly 
showing the phenomenon of double 
refraction (Iceland). 


Widespread mineral 


A A radiating cluster of Iceland spar crystals. 


v A double-ended crystal 
of Iceland spar. 


Nicol prism 

In the 18th century, English geologist William Nicol 
(1768-1851) exploited this property by carefully 
splitting a crystal of Iceland spar in two and then 
gluing it together again with a transparent resin. When 
he shone a ray of light on this specimen, it was split 
into two: one was totally reflected where the two 
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Like all forms of calcite, Iceland spar is a member of 
the carbonate group of minerals. Each molecule is 
composed of one atom of calcium, one atom of 
carbon and three atoms of oxygen. Crystals of Iceland 
spar conform to the trigonal system of symmetry. 

The most striking physical properties of Iceland 
spar are its lack of colour, its transparency and its 
birefringence (see main text). In addition, some 
specimens may give off a distinctive blue, red or 
yellow light of their own when placed under an 
ultraviolet lamp. This phenomenon is known as 
fluorescence. 

When hit with a hammer or subjected to 
pressure, Iceland spar splits off cleanly along its 
weakest planes: in scientific terms, it is said to display 
perfect cleavage. 

Iceland spar weighs 2.7 times more than the 
equivalent volume of water at room temperature. 


surfaces were glued together, while the other passed 
straight through. The so-called Nicol prism enabled 
crystals of other minerals to be examined for their 
ability to polarise light. 


Treatment 

Iceland spar should be cleaned only with distilled 
water. Tap water should not be used because it 
contains impurities which may damage the delicate 
crystal surfaces. 


ORIGINS and DISTRIBUTION ( 


Iceland spar forms in both metamorphic rocks and 
sedimentary strata. 

Some crystals grow to enormous size. Of the 
largest ever found, one was 7m long, 7m wide, 2m 
deep and weighed 254kg; another was 6m long, 6m 
wide, 3m deep and 
weighed 280kg. These 
specimens were found 
at Helgustadir and 
Reydarfioerdur (Iceland). 

Despite its name, 
Iceland spar is not 
confined to Iceland: it 
has been found in many 
other locations 
worldwide, notably in 
the Harz Mountains 
(Germany) and in 
Colorado (USA). 


« A group of rhombic, 
transparent Iceland spar 
crystals. 
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IRM Johannsenite is one of 
"ANUS the rarest members of the 
y NW pyroxene group of minerals. 


ohannsenite may be black, brown, green or grey 

in colour. It was identified as a distinct mineral 

in 1932 and named after Albert Johannsen, a 
geologist at the University of Chicago (USA). 


Pyroxene group 
As a rare member of the pyroxene group, 
johannsenite is related to a number of silicate 
minerals, including diopside (magnesium, calcium 
silicate) and hedenbergite (calcium, iron silicate). 
Pyroxenes are silicates of metals, johannsenite 
containing calcium, manganese and iron. 

As magma cools, pyroxenes crystallise at high 
temperatures, only olivine (of the ferro-magnesian 
series of minerals) forming at a higher temperature. 


FACT FILE 


JOHANNSENITE 

Group: Silicates 

Crystal system: Monoclinic > Johannsenite 
Chemical formula: Ca(Mn,Fe)Si;0; from Vicenza 
Hardness: 6 (Italy). 

Density: 3.4-3.5 

Cleavage: Distinct 


Fracture: Uneven to conchoidal 


Colour: Grey-green, brown, black 
Streak: Dark grey 
Lustre: Vitreous 


Fluorescence: None 


CHARACTERISTICS t^ 


Johannsenite is a member of 
the pyroxene group of silicate 
minerals. It contains the metallic 
elements calcium, manganese 
and iron, together with silicon 
and oxygen. 

Crystals of johannsenite 
conform to the monoclinic 
system of symmetry, in which 
no crystallographic axis is the 
same length as any other. The 
crystals generally appear in 
fibrous or needle-like (acicular) 
prismatic shapes. 


Tiny crystals of johannsenite 
from Tuscany (Italy). 


Rare mineral 


Pyroxenes form in a variety of metamorphic rocks, as 
well as in igneous rocks, and johannsenite is usually 
found in metamorphosed limestone. 


Monoclinic crystals 

Johannsenite is rare and occurs as small, short 
prismatic crystals which conform to the symmetry of 
the monoclinic system. It is therefore classified as a 
clino-pyroxene as opposed to the ortho-pyroxenes 
which have orthorhombic symmetry. Johannsenite 
may also occur as radiating aggregates made up of 
small prisms or thin fibres. In some specimens these 
aggregates have a rounded spherulitic structure. It can 
also form in a shapeless (massive) habit or in columns. 
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Johannsenite forms mainly in rocks which 

were originally limestones but which have been 
altered by heat and pressure: these are classified 
as metamorphic rocks. Johannsenite is often found 
in veins containing quartz and calcite. The mineral 
is particularly likely to occur in skarn, where it is 
associated with other silicates of manganese. 

This rare mineral is found in the following 
locations: Broken Hill, New South Wales (Australia); 
Tuscany and Vicenza (Italy); Puebla (Mexico); Vanadium, 
New Mexico, and Franklin, New Jersey (USA). 


< A tightly packed 
aggregate of 
johannsenite from 
Landsman Camp, 
Arizona (USA). 


With a hardness of 
6 on the Mohs Scale, 
johannsenite cannot be 
marked by a steel knife 
blade, but a specimen 
of quartz will scratch 
its surface. Its density 
of 3.4 to 3.5 is only 
slightly above average. 
Johannsenite is a brittle 
mineral which has a 
good cleavage. 


Treatment 
Specimens of 
johannsenite should 

be cleaned only with 
distilled water as the 
impurities contained in 
tap water may damage 
the mineral. 


4 Clearly defined, 
prismatic crystals of 
johannsenite, also from 
Landsman Camp in 
Arizona (USA). 


MINERALS 


Jarosit 


Jarosite is a 

widespread mineral 
which often forms 
as tiny crystals. 
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FACT FILE 
JAROSITE 


Group: Sulphates 


Crystal system: Trigonal 

Chemical formula: KFe4(SO,);(OH); 
Hardness: 2/—3/ 

Density: 2.90-3.26 

Cleavage: Distinct 

Fracture: Uneven to conchoidal 
Colour: Yellow or brown 


Streak: Yellow 


Lustre: Vitreous to resinous 


A Jarosite is typically found in iron-rich rock. This magnificent collection of 
microcrystals was discovered on the Isle of Elba (Italy). 


Fluorescence: None 


de 
arosite is yellow or brown in colour. It takes its ene Mrd 
name from Barranco Jaroso, the region of the . Jarosite is a member of the sulphate group of 
Sierra Alamagrera mountain range between _ minerals. Its exact composition may vary, but in its 
Murcia and Almería in southern Spain, where it . pure form it is made up of the metallic elements 
was first discovered. It was identified as a distinct potassium and iron together with the non-metals 
mineral in 1852. _ sulphur, oxygen and hydrogen. 

Jarosite crystals are classified in the trigonal | Crystals of jarosite conform to the trigonal system 
system. The crystals are very small and shaped like . of symmetry. They usually appear as tiny cubes, most 
matchboxes (tabular habit) or dice (pseudocubic of which have a distinctive glassy sheen (vitreous 
habit), often somewhat distorted. lustre). Some specimens, however, have a Waxy 

However, jarosite does not always form crystals, (resinous) appearance, while earthy masses have a 
frequently occurring as granular, fibrous or rounded dull lustre. 
masses and as earthy coatings. It is a brittle mineral, | A Jarosite is a soft mineral, scoring 24-3% on the 
breaking easily to produce distinct cleavage and Mohs Scale of hardness, and can be scratched with 
conchoidal to uneven fracture. At 24 to 3% on the the edge of a coin. It weighs about three times 
Mohs Scale of hardness, it is a little softer than average more than the equivalent volume of water at normal 
and is of medium density. room temperature. 

When jarosite is struck with a hammer, it splits 
Related minerals cleanly along its weakest planes (in other words, it 
Jarosite is made up of potassium and iron together has a distinct cleavage). 


with hydrogen, oxygen and sulphur. Alunite has an 


jeJeuirui peaJdsapiM 


JA MINERALS | 


almost identical chemical composition, except that it 
contains aluminium instead of iron. Jarosite and 
alunite form a series in which each of these two 
elements is gradually substituted by the other. 

The alunite group contains minerals which are 
largely the same as jarosite but in which the basic 
potassium has been replaced by other elements. Thus 
we find ammoniojarosite, which contains ammonia; 
argentojarosite, which includes silver; natrojarosite, 
which contains sodium; and plumbojarosite, whose 
chemical formula includes lead. 


Treatment 
Jarosite specimens should always be cleaned with 
distilled water. 


ORIGINS and DISTRIBUTION (4 


Jarosite is a secondary mineral which is formed 
by the alteration of pre-existent materials. It is 
commonly found in iron-bearing rocks (particularly 
in association with decomposing pyrite) and in gas 
vents in volcanic areas. 

Jarosite is still found in southern Spain, where 
it was first discovered. The following are among 
the other important sources worldwide: Laurion 
(Greece), the Isle of Elba (Italy) and Tsumeb (Namibia). 
In the USA, there are substantial deposits at Bisbee 
(Arizona), in Cherry Creek (Idaho) and in the Black 
Hills (South Dakota). 


4 Y The photographs 
on this page show 
crystalline specimens 
of jarosite from the 
Isle of Elba (Italy). 
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Sugilite is a rare 
mineral that is used 
in jewellery. 


ugilite is usually pink, purple or red. It 
was originally discovered in Iwagi Islet 
in Japan and named after K. Sugi, 

the mineralogist who first described it. 

Although sugilite was initially 

found in 1944, it was not until 1976 

that it was confirmed as a distinct 

mineral. It is now classified in the 

osumilite group, which is named 

after the Osumi district of Japan 

where the mineral osumilite was 

discovered in 1953. Minerals 

in the osumilite group are 

complex silicates of potassium, 

sodium, iron, barium, 

calcium, manganese, lithium, 

magnesium and aluminium. 


Lavulite 

The most valuable sugilite 

is deep purple or reddish 

purple, colours which it 

derives from manganese. 

Specimens of purple 

sugilite from the Wessel 

Mine in Hotazel, South 

Africa, are sold under the 

trade name ‘lavulite’. A A multi-coloured slab of sugilite from Iwagi Shima Ekime (Japan). 


Colour and cut FACT FILE 
Some sugilite may be brownish or yellow. These 


colour variations are caused by the presence of SUGILITE 
impurities in the mineral. Group: Silicates 

The most valuable sugilite has a uniform and Crystal system: Hexagonal 
consistent (homogeneous) colour. Gem quality Chemical formula: KNa(Fe,Mn,Al),Li3Si;203 
specimens are most commonly cut into smooth, Hardness: 6-6/4 
rounded cabochons — the more intricate cuts are Density: 2.74-2.80 
seldom used. The appearance of pieces with weaker Cleavage: Poor 
coloration can be artificially enhanced by heating: at Fracture: Uneven to subconchoidal 
about 450° C, sugilite will take on an attractive Colour: Purple to pink, brownish yellow 
banded appearance. Streak: Reddish brown 

Despite the use of sugilite in jewellery and other Lustre: Vitreous to resinous 
forms of ornamentation, mineralogists usually prefer Fluorescence: Purple or reddish purple 
to display it in its uncut form. 


Sugilite occurs in syenite, a rock which originally 
formed through igneous activity deep beneath the 
surface of the Earth. It was first discovered in Japan, 
where it had formed in association with other 
silicate minerals. 

Japanese sugilite specimens are generally too 
small to be cut or polished as jewellery. Some of the 
finest gem-quality specimens come from Madhya 
Pradesh (India), but most are found around 
Kuruman, Cape Province (South Africa). There, at 
the Wessel Mine, there is a pegmatite vein about 
1000m beneath the surface which contains a mass 
à of sugilite weighing between 10 and 12 tonnes. 

X Although only some of this deposit has been 
extracted, it is estimated that at least 50 per 
cent of it is gem quality. 


Rare mineral. 


4 This sugilite specimen is white, rather 
than the more usual purple. It was found 
in Kuruman (South Africa). 


<A specimen of purple 
sugilite cut in a smooth 
domed cabochon. It also 
came from Kuruman in 
South Africa. 


Sugilite is a member of the silicate group of 
minerals. It contains the metaliic elements 
potassium, sodium, iron, manganese, aluminium 
and lithium, together with the non-metals silicon 
and oxygen. 
Crystals of sugilite conform to the hexagonal 
system of symmetry. However, crystals are 
rare, and sugilite is usually found as grains 
or specimens of no definite shape 
(massive habit). 
When sugilite is placed under 
an ultraviolet lamp, it will show a 
distinctive purple or reddish purple 
fluorescence. 


< A specimen of purple sugilite, 
the typical colour (Kuruman, 
South Africa). 
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As we have already seen in The 
Story of the Earth 61, igneous 
rocks are crystalline or glassy 
rocks which were originally 
created by the cooling and 
solidification of molten 
material beneath or on the 
surface of the Earth. One 
of the most abundant 
forms of igneous rock 
is known as basalt: it 
covers about 70 per 
cent of the Earth's 
surface and is the 
principal rock 
constituent of 

the ocean floor. 

In addition, 

basalt also 
extends across 
much of the 
surface of the Moon. 


asalt is an extrusive form of igneous rock. The 

magma from which basalt forms originates deep 

in the Earth's crust and is erupted as lava on the 
surface, where it cools and hardens to form basalt. 


planes of the host rock. (Compare with sills, which are 
igneous rock sheets that run in the same direction as 
the surrounding rock.) 


Basalt is classified as a basic igneous rock. This means 
that its total silica content is between 45 and 55 per 
cent. Other igneous rocks in this category are gabbro 
and dolerite. These two differ from basalt in the size of 
their constituent crystals or grains. Gabbro, as noted 


All basalt rocks are hard, low in silica content, dark in 
colour, and comparatively rich in iron and magnesium. 
Their texture is usually so fine-grained that individual 
crystals cannot be seen with a magnifying glass and are 
generally visible only 


under a microscope. (The 
coarse-grained igneous 
equivalent of basalt is 
known as gabbro.) 

While most basalt 
occurs in lava flows, some 
basalts tend to form in 
dykes. Dykes are sheet- 
like bodies of igneous rock 
which run in a different 
direction from the 
bedding or structural 


A section through a 
basalt rock showing 
feldspar crystals. 


Ultra-rapid cooling of 
basalt produces a basaltic 
glass known as tachylite. 
This rock is not common 
and is usually confined to 
the thin margins around 
the perimeter of basaltic 
lava bodies. 
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A A fine example of amygaloidal basalt filled with 
calcite and various minerals of the zeolite group. 


basic rock but dolerite is 
a medium-grained rock 
compared to the fine 
grains in basalt. 

The essential minerals 
in basalt (and the other 
basic igneous rocks) are 
plagioclase feldspar, 
pyroxene and quartz. 
Quartz only forms up to 
10 per cent of the rock 
and usually less than this 
amount. The plagioclase 
feldspar in basalt tends to 
be a calcium-rich variety, 
such as anorthite, and 
occurs as small lath- 
shaped crystals which are 
easily seen in thin section 
under the microscope. 
Augite is the variety of 
pyroxene common in 
basalt. This mineral gives 
the rock its dark colour. 
Olivine is a common 


> This basaltic lava was 
found on the Moon. Note 
the holes (vesicles). 


accessory mineral in many basalts, as are small 
amounts of magnetite. 


Amygdales 

When basalt has formed quickly through rapid 
cooling, it will contain many trapped gas bubbles 
which form holes (vesicles): these may be filled 

with chalcedony or opal, or with various members of 
the zeolite group. A vesicle filled with a mineral or 
minerals is called an amygdale. Amygdales may range 
in size from 1mm to 30cm in diameter. 


Prime locations 

Basalt originated as molten magma deep beneath the 
surface of the Earth. In some parts of the world, this 
magma reached the surface while still liquid and 
emerged from volcanoes in the form of lava. The 
most famous active volcano of basaltic origin is 
Mauna Loa in Hawaii. 

Elsewhere, basalt rocks predominate in mountain 
belts, where their flows often form immense plateaux. 
Examples can be seen in the northwest United States, 
the Deccan (India) and the Paraná river basin 
(Brazil). In the igneous belt which extends from 
Iceland to the British Isles, the lava formations of the 
Faroe Islands, the Inner Hebrides and the north coast 
of County Antrim (Northern Ireland) all include 
great expanses of basaltic rock. 


Mexico occupies the 
northern part of 
the isthmus that 
connects North and 
South America. It 

is bounded in the 
north by the United 
States of America, 
in the southeast by 
Guatemala and 
Belize, in the west 
by the Gulf of 
California and 

the Pacific Ocean, 
and in the east 

by the Caribbean 
Sea and the Gulf 

of Mexico. 
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exico occupies an area of 1,972,542 sq. km. 

Within its borders lie some of the world's 

richest mineral deposits, including copper, 
silver, gold and iron ore. 


The land 

Much of Mexico is situated on a large, elevated plateau 
called the Meseta Central, which is bordered on the 
south, east and west by a rim of deeply dissected 
mountains. The central part of this plateau consists 
of vast basins with gently sloping sides topped by 
volcanoes. In the north, there are desert basins with 
salt-bed floors such as the Bolson (basin) de Mapimi 
(900m above sea level) and the Bolson de Mayran 
(1100m). Impressive volcanic cones dominate the 
southern edge of these plateaux. 

The country's two mountain chains, the Sierra 
Madre Occidental in the west and the Sierra Madre 
Oriental in the east, meet in a region called La Junta in 
the southeast. Further south, the two ranges combine 
to form the Sierra Madre del Sur, a maze of volcanic 
mountains containing the highest peaks in Mexico. 
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almposing peaks like this one are typical of the Sierra 
Madre Oriental range. 


Mineral resources 
Mexico is the world’s leading producer of silver and, by 
the late 1980s, about 2550 tonnes were being mined 
each year in San Luis Potosi alone. The silver in 
Mexico is usually combined with various other native 
elements, especially sulphur. Some of the most 
important silver-bearing mineral ores are argentite, 


Mexico 


On the mineral tra 


chlorargyrite, pyrargyrite and sylvanite. In addition to 
silver, about 780,000 tonnes of fluorite have been 
produced annually in recent years, together with 
antimony and mercury. Similarly, large amounts have 
been discovered of copper (250,000 tonnes), iron ore 
(5.6 million tonnes) and sulphur (1.6 million tonnes). 
Quantities of gold and baryte have also been found 

in several parts of the country. Most of these mineral 
deposits are mined in the mountain ranges and 
plateaux of the interior. Only the sulphur is mined 

in the south (at Jaltipan). 


Principal mining regions 

Several areas of the country are particularly associated 
with the excavation of mineral deposits. In the north, 
Baja California and the states of Sonora, Sinaloa, 
Chihuahua, Coahuila, Nuevo Leon, Durango and 
Zacatecas provide silver, copper, gold, iron ore (chiefly 
at Cerro del Mercado in Durango State), baryte and 
fluorite. Hermosillo is the capital of Sonora state, and 
the mining area to the east of the city is especially 


« At 5700m, Mount 
Citlaltépetl is the highest 
peak in Mexico. 


important in the 
production of gold, silver 
and copper. Likewise, the 
capital of Sinaloa state 
(Culiacan) serves as a 
commercial centre for 
nearby gold, silver, iron 
and cobalt mines. 

Other important 
mining areas are found 
around the cities of 
Jalisco, Guerrero, Aguascalientes (founded in 1575 
as a silver-mining centre), Guanajuato, Hidalgo and 
San Luis Potosi. San Luis Potosi is a particularly 
important industrial centre, silver and copper being 
smelted and refined there. Large deposits of asbestos 
have also been confirmed in the Novillo Canyon area 
of southern Tamaulipas. 


Other natural resources 
Mexico is rich in many other natural resources, 
including bismuth, cadmium, lead, manganese, 
molybdenum, tin, tungsten, uranium and zinc. High 
grade cokeable coal is also found in several areas. 
Petroleum is undoubtedly Mexicos most valuable 
fossil fuel and the country is the world's fourth largest 
producer of crude oil. Mexico's natural gas reserves are 
also considerable and some of the world's largest 
deposits are found offshore in the Bay of Campeche. 


v Some of the astounding rock formations at Cabo 
San Lucas (Zacatecas). 


Other methods of 
identification 


In The Art of Collecting 35, we looked at the ways in which colour, habit, hardness, 
density and cleavage may be used to help identify minerals. Other important clues 
are provided by the lustre of a specimen, the colour it turns a flame and the 
often unique ways in which it reflects light. Some of these tests require 
sophisticated equipment; others, however, can easily be performed by beginners. 


Lustre strong reaction, dissolving with effervescence (fizzing), 
Lustre is the way light is reflected from the surface while others do not react. A smell of garlic indicates 
of a mineral. This is a straightforward property the presence of arsenic in the mineral, while a ‘bad 

for amateurs to investigate, as it relies solely on eggs’ smell reveals that sulphur is one of the elements 
observation and does not require the use of any special in the mineral’s chemistry. 

equipment. Various types 


of lustre include vitreous 
(glassy), metallic, pearly, 
| € resinous or waxy, dull or 


earthy, and adamantine 


(diamond-like). 


4 Polarising filters, which 
are used by scientists to 
test some of the optical 
properties of unidentified 
mineral and gem 
specimens. 

Acid test 

The way in which 
different minerals react 
when a few drops of 
acid (usually dilute 
hydrochloric acid) are 
placed on a specimen 
can provide useful 
information to help 
determine the mineral's 
identity. Some minerals, 
such as calcite, show a 


» Anatase on quartz 
(Norway). Anatase has 
exactly the same chemical 
components as brookite 
and rutile: all three minerals 
are polymorphs of titanium 
dioxide (chemical formula 
TiO). However, they all 
have different specific 
e gravities and refractive 
indices, and measurement 
of both may be crucial to 
distinguishing accurately 
between such superficially 
similar materials. 
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Other methods of identification 


THE ART OF COLLECTING 


v A petrographic 
microscope. This 
instrument - which is 
capable of enormous 
magnification - is used 
to examine the optical 
properties of thin 
sections of rock and 
mineral specimens. 


Magnetism and fluorescence 

A few minerals, notably magnetite and pyrrhotite, are 
magnetic. This property can be tested by placing a 
small magnet near a mineral specimen and observing 
whether it reacts. 

When placed under ultraviolet light, many 
minerals emit a coloured glow which fades 
immediately the light is turned off. This property 
is known as fluorescence. Minerals which continue 
to glow after the light source is removed are said to 
be phosphorescent. 


Flame test 
If a mineral is placed in an open flame it may turn the 
flame a different colour. This may indicate one or 


A An old-fashioned spectroscope. As the name 
suggests, this instrument was used to break up 
white light and produce a spectrum. The different- 
coloured spectral rays were then passed one by one 
through the mineral under examination to determine 
which colours it would absorb. Spectroscopes are 
still scientifically important, particularly in the 
identification and analysis of gemstones. 


more of the elements it contains and provide another 
important clue to its identity. When these experiments 
are carried out, specimens should be attached to and 
held by a wire made of platinum, an unreactive 
element which will not interfere with the reaction. 

The flame test is particularly useful in determining 
the presence of various metallic elements. A green or 
blue flame indicates copper; a yellow-green flame 
suggests barium, molybdenum or boron; crimson 
indicates strontium or lithium. Potassium gives off a 
violet flame; calcium shows brick red; sodium gives 
the flame a yellow coloration. 


Refractive index 

All light is deflected whenever it enters any mineral. 
The different angles formed between the light beam 
on entry (the incident ray) and the same beam on its 
re-emergence (the refracted ray) can be measured by 
an instrument called a refractometer. The extent to 
which these angles deviate from the perpendicular is 
known as the mineral refractive index (RI). 
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^  Amazonite is the name 
^ given to gem-quality 


P blue-green 
microcline, so 
gt 
a member of the pieta 
feldspar group of 


minerals. 


mazonite — 
sometimes called 
amazonstone — 


was named after the River 
Amazon in South America. 
Although the mineral is 
found in Brazil it is not 
thought to occur on the 
banks of the Amazon. 


An alkali feldspar 
Microcline, of which amazonite is 
the most strikingly coloured variety, is an 
alkali feldspar, and although it has the same 
chemical composition as orthoclase, the two 
varieties of feldspar crystallise in different crystal 
systems. Microcline forms crystals in the triclinic 
system and orthoclase has monoclinic crystals. 

Microcline can be a variety of colours, ranging 
from white, pink, yellowish and grey to the striking 
blue-green of amazonite. This colour may be due to 
very small amounts of lead impurities in the mineral. 
These impurities have no bearing on its total 
chemical composition. 

Microcline is a silicate of potassium and 
aluminium. It is a common mineral in a variety of 
igneous rocks, which have formed by the cooling and 
consolidation of a fluid silicate melt, called magma 
when underground and lava when it has been 
erupted on the surface. 


Decorative use 

With a hardness of 6 to 64, amazonite is a 
reasonably hard mineral, though not comparable 
with the extreme hardness of gemstones like 
corundum (9) and beryl (7Zto 8). This hardness 
and its colour have been instrumental in its use as a 
decorative mineral. Often there are attractive veins 
and bands of yellow or white running through the 
mineral which can be shown advantageously when 
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cutting. So although amazonite is not widely used as a 
gemstone, it has been cut and carved into cabochons 
and cameos. 

Amazonite frequently occurs as short, stubby, 
prismatic crystals which show the characteristic 
feldspar twinning. Microcline crystals are often sought 


FACT FILE 


AMAZONITE 


Group: Silicates 


Crystal system: Triclinic 
Chemical formula: KAISi;0; 
Hardness: 6—6/ 

Density: 2.55-2.63 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, blue-green 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


Widespread mineral 


A A specimen of 
amazonite, which 
is the blue-green 
variety of 
microcline 
feldspar. 


by collectors, rather than amazonite, because they can 
be very large; indeed microcline forms some of the 
largest known crystals. These are much sought after, as 
are the translucent crystals, which are preferred to the 
more common opaque forms. 


Tests 

As well as its colour, hardness and habit, amazonite 
has another characteristic which can assist in 
identification. It is insoluble in acids, with the 
exception of hydrofluoric acid. Also, amazonite is 
infusible in a flame. 


Hydrofluoric acid is an 
extremely powerful acid and should not be 
used by amateur mineralogists. 


ORIGINS and DISTRIBUTION & 


Amazonite is a form of microcline feldspar and, 
along with other feldspars, it occurs mainly in 
plutonic igneous rocks. These have formed by the 
consolidation of magma deep underground. Granite, 
pegmatite (a very coarse-grained rock with the 
composition of granite) and syenite are the main 
igneous rocks in which it occurs. Sometimes 
microcline feldspar forms intergrowths with quartz, 
making a rock called graphic granite. Amazonite can 
also occur in schist, a pem rock, "P 
hydrothermal veins. 

Most amazonite is found in the lowing P ee " 


- locations: Minas Gerais (Brazil); Baffin Island, Ontario - 


and Quebec (Canada); India; Kazakhstan; 
"Madagascar; Mexico; the Ural Moun: 

| (Russia); Tanzania and MAU. * 
CO." the USA, the mineral is. 


"a 


wa " 4 4 The various 
$22 shades of green in 
this collection of 
amazonite crystals 
are caused by varying 
concentrations of 
lead impurities. 


Amazonite is a silicate group mineral which contains 
potassium, aluminium, silicon and oxygen. It derives 
its distinctive coloration from the presence of lead 
impurities. In general, the greater the concentration 
of this metal, the deeper the green of the specimen. 

Crystals of amazonite conform to the triclinic 
system of symmetry. This is the least regular of all the 
systems: no crystallographic axis is the same length 
as any other, and none of the axes is at right angles 
to any of the others. These crystals may have 
distinctive grooves (striations) along their surfaces 
and often grow together in the phenomenon known 
as twinning. 

Amazonite is approximately two and a half times 
denser than the equivalent volume of water at 
normal room temperature. 


Toc eg X ee  foundin Colorado, the - 
Ed - =) Dakotas and Virginia. 


E^ Amblygonite is rare 
and good quality 
specimens are highly 

valued by mineral collectors. 


ost amblygonite is white or 
yellowish, but it may sometimes be 
grey, blue, green, pink or colourless. 


Its name derives from the Greek amblugonios, 
meaning ‘blunt angle’. This is a reference to the 
obtuse angles in its crystals. 
Amblygonite is a rare 
mineral which was first 
described in 1817 
by the 
German 
mineralogist 
A. Breithaupt. 
It is a distinct 
mineral that 
forms a solid 
solution series 
with montebrasite. 
Both these minerals 
have largely the 
same chemical 
formulae, except 
| that amblygonite has 
more fluorine than 
hydroxyl radical (chemical 
formula OH), while in 
montebrasite these 
proportions are reversed. 
Amblygonite often occurs 
as very large masses. In the 
Black Hills of South Dakota, 
USA, these have been found 
up to 200 tonnes in weight. 
Such masses may be as much 
as 12 metres long and over 
two metres thick. 


Ab A fine specimen of 
amblygonite in massive form 
from Governador Valadares 
(Brazil). Most specimens of this 
mineral look similar to this — 
crystals are extremely rare. 


< A transparent 
amblygonite gem cut 
in a faceted oval shape 
to heighten its beautiful 
natural luminescence (Brazil). 


ORIGINS and DISTRIBUTION 


Amblygonite occurs in granite pegmatites - igneous rocks that formed 
through activity deep beneath the surface of the Earth. It is found in 
association with other lithium-rich minerals, notably lepidolite, soodumene 
and tourmaline, and also with albite. 

The finest amblygonite is found in the following locations: Governador 
Valadares (Brazil); Manono (Dem. Rep. Congo); Montebras (France); Pennig 
(Germany); Sakangyi (Myanmar); Utó and Varurtrásk (Sweden); Bikita and Karabi 
(Zimbabwe). The principal US deposits are in Black Hills, South Dakota. 
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Rare mineral 


The cut 


Crystals of amblygonite are extremely rare and, 
because they are only moderately hard, they are not 
very suitable for cutting. Those that are of the requisite 
quality are sometimes fashioned into smooth, domed 
cabochons, or faceted into brilliants or mixed cuts. 
Whichever style is chosen, the preferred cutting angle 
is 40? along both the crown and pavilion surfaces. (For 
a more detailed description of gem-cutting techniques, 
see Discovery 9 and 11.) 


Famous examples 
The world's largest faceted amblygonite came 
originally from Brazil and can now be seen in the 
mineralogical collection in the Smithsonian Institution 
in Washington DC (USA). It is an intense yellow 
colour and weighs 65.5 carats (one carat - 0.2g). The 
same collection also houses a golden yellow specimen 
of 19.7 carats which was found in Myanmar (Burma). 
Other large specimens of Brazilian origin are now 
displayed in Canada. The Devonian Group of Calgary 
has a 47-carat amblygonite gem, while the Royal 
Ontario Museum in Toronto has a set of amblygonites 
in a wide range of colours, the largest of which weighs 
15.6 carats. 


Tests and treatment 
Amblygonite is rich in fluorine and will display a 
greenish fluorescence if placed under an ultraviolet 
lamp. Amblygonite melts (fuses) easily and the lithium 
it contains will colour an open flame red. It is soluble 
in acids, but only with difficulty. 

Amblygonite should be cleaned with distilled water 
because tap water may contain impurities that will 
damage the delicate surface of the mineral. 


| Amblygonite is a member of the phosphate group of 

| minerals. Each molecule is made up of the metallic 

. elements lithium, sodium and aluminium, together 

| With the non-metals phosphorus, oxygen, fluorine 
and hydrogen. 

Crystals of amblygonite conform to the triclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other and none of the axes 
is at right angles to any of the others. However, 
crystals are very rare: many grow together in the 
phenomenon known as twinning. Most amblygonite 

| lacks specific form (that is, it has massive habit). 

| Amblygonite weighs almost exactly three times 

, as much as the equivalent volume of water at room 

| temperature: in scientific terms, it is said to have a 

| Specific gravity (SO) of 3.0-3.1. 


FACT FILE : 


AMBLYGONITE 


Group: Phosphates 


Crystal system: Triclinic 

Chemical formula: (Li, Na)AIPO,(F,OH) 
Hardness: 5/—6 

Density: 3.0-3.1 

Cleavage: Perfect 


Fracture: Conchoidal to uneven 


Colour: White, yellow, grey, blue, green, pink, colourless 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: Greenish 


< Amblygonite from 
Brazil. Note how the 
characteristic glassy 
sheen (vitreous lustre) 
is pearly along the 
cleavage surfaces. 


Amphibole group minerals 


are widely occurring 
and are mainly found in 
igneous and metamorphic rocks. 


mphiboles belong to a large group of 


minerals consisting of silicates of aluminium, 


calcium, iron, magnesium, potassium, 
sodium and titanium. The name derives from the 
Greek amphibolos meaning ‘ambiguous’, and is 
applied to this group because so many of its members 
are easily mistaken for others. 


Abundant group 


Amphiboles are abundant in rocks that originally 


formed through igneous activity (igneous rocks) and 


in rocks that have been altered by heat and/or 
pressure (metamorphic rocks). 

They also form as tiny grains which have been 
removed from a previous location and redeposited 


elsewhere (detrital sedimentary rocks). However, this 


is the least common of all the habits. 


Hydrous minerals 

Amphiboles are in many respects similar to 
pyroxenes. One of the main differences between 
the two groups is that pyroxenes do not contain 
the hydroxyl radical (chemical formula OH) and 
are therefore said to be anhydrous. By contrast, 
amphiboles always feature this pair of elements 
and are defined as hydrous minerals. 

It is worth noting the distinction between 
‘hydrous’ and ‘hydrated’: hydrous minerals contain 
the constituents of water — oxygen and hydrogen — 
whereas hydrated minerals contain water itself. 
However, since water and the components of water 
are easily transferable, some pyroxenes can be 
converted to amphiboles and vice versa. 


iuuenem 
; MINERALS 


l 


A Radiating fibrous crystals of anthophyllite from 
Brosso, Turin (Italy). Although this is one of the rarer 
amphibole minerals, it is typical of the group as a whole. 


Cleavage angles 

Another important difference between the two groups 
is the way they show cleavage. Cleavage is the scientific 
term for the manner in which minerals break up when 
they are subjected to mechanical pressure. Pyroxenes 
break along angles of 87° and 93°, while the 
intersection angles of cleavage planes in amphibole 
minerals are usually about 56° and 124°. 


Crystal systems 

The crystals of most amphiboles conform to the 
monoclinic system of symmetry in which no 
crystallographic axis is the same length as any other. 


Mineral group 


A A crystal of kaersutite (Italy). This mineral contains the 
metallic element titanium. 


A Black pargasite from Pargas (Finland), the locality 
from which it takes its name. 


A Fibrous crystals of byssolite, one of the amphibole 
group minerals that was a source of asbestos. 


These crystals are often elongated prisms. Some 
amphiboles, by contrast, have orthorhombic 
symmetry; their crystals have three unequal axes 
which are at right angles to each other. 


Common examples 

Some common amphiboles are actinolite, 
glaucophane, hornblende, riebeckite and asbestos- 
bearing minerals such as tremolite. All members of 
the group have a common chain silicate structure: 

in scientific terms, they are known as inosilicates. 
Pyroxenes are also inosilicates, but they form in single 
chains and are much more tightly packed together: 
amphiboles have a looser ‘double chain’ internal 
structure that provides space for the accommodation 
of the hydroxyl radical. 


Amphibolites 

Amphibolites are rocks that contain a high 
concentration of amphibole minerals. They are 
commonly created by the metamorphism of basic 
igneous rocks. One of the classic minerals found in 
this habit is actinolite, a green hydrous silicate of 
calcium, magnesium and iron. 


Asbestos minerals 
Asbestos is a fibrous material that was used from 
the mid-19th century to make fire-resistant building 


materials. In the 1970s, however, it was discovered 
that inhalation of its tiny fibres caused fatal diseases 
(notably asbestosis) in humans, and it was soon 
widely banned. 

Although about 95 per cent of all asbestos came 
from chrysotile (a mineral that forms in serpentine 
rock), some fibrous amphiboles were also used for 
this material. 


Actinolite-tremolite 

One of the most notable asbestos-forming amphiboles 
is tremolite. The chemical composition of this mineral 
is very similar to that of actinolite, and indeed the 
two form a solid solution series in which specimens 
progress by tiny steps from one to the other. Each 
member of this series is defined according to the 
amount of magnesium and iron it contains. The green 
coloration of some tremolite specimens is caused by 
the presence of iron, and the colour often intensifies 
as the iron content increases. 


Glaucophane-riebeckite 

As most of the chemical components of the amphibole 
minerals are so easily substituted one for another, the 
group lends itself to forming in solid solution series 
such as that described above. Another good example is 
the glaucophane-riebeckite series. Glaucophane is a 
hydrous silicate of aluminium, sodium, magnesium 
and iron. Riebeckite has a broadly similar make-up, 
with the important difference that the aluminium has 
now been replaced by further atoms of iron. 


llvaite is a dark coloured 
silicate mineral which is found 
in many parts of the world. 


T lvaite is black, greyish brown or brownish black in 
1 colour. It was first discovered and identified as a 
A distinct mineral in the early 19th century: at first 

it was known as jenite or yenite, after the Battle of 

Jena in 1806. Subsequently, however, it was decided 

that this name might be offensive to the Prussians, 

who had been heavily defeated in this engagement by 

Napoleon. It was then renamed after the Italian island 

of Elba (Latin: Jwa) where the most characteristic 

specimens of this mineral are found. (The name 
elbaite could not be used because it had already been 
given to another mineral.) 


4 ilvaite 
crystals from 

Owyhee County, 
Idaho (USA). 


K 


llvaite is a member of the silicate group of minerals. 
Each molecule contains atoms of calcium, iron, silicon, 
oxygen and hydrogen. It contains iron in two different 
forms: ferrous iron, with two positive ions (Fe+2), and 
ferric iron, with three positive ions (Fe+3). 


¥ Individual crystals of ilvaite on quartz from Temperino, 
Livorno (italy). The characteristic grooves (striations) 
running vertically across the faces can be clearly seen. 
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Rare mineral 
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Ilvaite occurs in places other than Elba, but it was 
renamed after this island because the specimens that 
have been found there are considered to be the most 
typical and characteristic. In scientific terms, therefore, 
Elba is said to be the type locality of ilvaite. 

Ilvaite is most easily recognised by its dark colour 
and by the deep grooves (striations) that occur down 
the length of its crystals. It is an opaque mineral and 
its crystals often have a diamond-shaped cross-section. 
As well as occurring as crystals, ilvaite may be 
columnar or massive (with no particular shape). 
Tests 
Ilvaite melts (fuses) easily when held in an open flame, 
forming a black magnetic globule. When placed in 
hydrochloric acid, it dissolves and forms a jelly-like 
residue in a process known as gelatinisation. 


The photographs on this 
page show characteristic 
specimens of ilvaite 
crystals from two 
separate locations. 


A From Livorno (Italy). 


> From Dalnegorsk in the 
Ural Mountains (Russia). 


Group: Silicates 


Crystal system: Orthorhombic and monoclinic 
Chemical formula: CaFe+2,Fe+3(Si04).(0H) 
Hardness: 5/—6 

Density: 3.84.1 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Black, greyish black 
Streak: Black 
Lustre: Submetallic 


Fluorescence: None 


ORIGINS and DISTRIBUTION C 


Ilvaite forms in certain metamorphic rocks whose 
composition has been altered by the addition or 
replacement of various chemicals. This process is 
known as metasomatism, and.ilvaite is said to be a 
mineral of contact-metasomatic origin. It is found in 
deposits of iron, zinc and copper ores. Among the 
minerals most commonly associated with it are 
magnetite, hedenbergite and pyrite. 

The best specimens of ilvaite are found in the 
following locations around the world: Seriphos 
(Greece); Julianehaab (Greenland); around Capo 
Calamita and Rio Marina on Elba and in Livorno and 

- Sardinia (Italy); Dalnegorsk in the Ural Mountains 

(Russia); Trepca (Serbia); and Owyhee County, Idaho 
(USA). Ilvaite is also found in Algeria, Australia, — 
England, Germany, Japan and Switzerland. 


Tenorite is a form of copper 
oxide. The finest crystals 
occur near volcanoes. 


i 


ry. enorite is usually black or grey in colour. It 
was originally found in 1760 in lava around 
Mount Vesuvius near Naples (Italy). It is 
named in honour of the Italian botanist Michele 


Tenore, who died in 1861. Tenorite was formerly 
sometimes known as melaconite. 

Tenorite is made up of one atom of copper 
combined with one atom of oxygen (chemical 
formula CuO). It is thus distinct from cuprite, the 
principal ore of copper, each molecule of which 
contains two atoms of the metal combined with a 
single atom of oxygen (Cu;O). 


Although crystalline specimens of tenorite are rare, 
there are several deposits of the massive form of the 
mineral which are large enough to be exploited on an 


TENORITE 


Group: Oxides 


Crystal system: Monoclinic 


Chemical formula: CuO 


Hardness: 3/ 


Density: 6.45—6.50 


Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Grey or black 


Streak: Black 


Lustre: Metallic 


Fluorescence: None 


A Grey tenorite. 


* Black tenorite. 


Both these fine 
crystalline 
specimens come 
from the slopes of 
Mount Vesuvius 
(Italy), where 

the mineral was 
originally identified 
in the 18th century. 


— 
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Rare mineral 


industrial scale for their copper content. Between 
1880 and 1902, the world's most productive 
tenorite mine was at Bisbee, Arizona (USA). 
This is now worked out, and today the leading 
source of this mineral is at Huerta de Arriba near 
Burgos (Spain). 


Uses of copper 
Copper has a great range of industrial uses. It is an 
excellent conductor of both electricity and heat and 
is used extensively in electrical cables and wiring. It 
is also used throughout the world in the building 
industry for piping. When combined with other 
metals, copper is a component in the manufacture of 
reinforced steel alloys, especially brass and bronze. 
Copper compounds are also used in the 
manufacture of various colouring agents, fabric 
preservatives and fungicides. 


Tests and treatment 

Tenorite is soluble in acids. When placed in an 

open flame it melts (fuses) and, because of its copper 
content, turns the flame green. Crystalline specimens 
of tenorite are delicate and should be cleaned 


carefully with distilled water. 


Y A crystal of tenorite recovered from the slopes 
of Mount Vesuvius (Italy). 
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Tenorite is a member of the oxide group of minerals. 
Each molecule is made up of one atom of oxygen 
combined with one atom of copper. 

Crystals of tenorite conform to the monoclinic 


system of symmetry in which no crystallographic | 
axis is the same length as any other. They appearas — . 

| needle-like (acicular) crystals or as thin, curved plates | 
(lamellae). However, most deposits take the form of 
non-crystalline aggregates. 


Tenorite mainly occurs in the oxidation zones of 
copper deposits where it is associated with azurite 
and malachite. It is an alteration product of cuprite 
and generally acquires its extra oxygen from the 
atmosphere rather than from water. 

Crystals of tenorite are rare, but the non- 
crystalline, massive form of the mineral is found 
in the following countries: Bolivia, Chile, Czech 
Republic, England, France, Germany, Namibia, 
Romania, Russia, Scotland and Spain. In the USA, 
deposits of tenorite are found in Arizona, California, 
New Mexico and Oregon. 


DISCOVERY 
DISCO aa 


Classification 
of minerals 


Like all forms of matter, minerals are made up of one or more of over 
100 naturally occurring chemical elements. There are many chemical groups 
and the members of each group have components and physical 
properties in common. Some of the groups most frequently encountered 
in geology are described below. 


Arsenates 

Arsenates consist of metallic elements linked to 
arsenic, sulphur and oxygen. Many are used in 
industry as insecticides, weed killers and wood 
preservatives. Examples include adamite, mimetite 
and olivenite. 


A A kidney-shaped mass of mimetite (Chihuahua, 
Mexico). Mimetite is an arsenate of lead. 


Borates 

Borates consist of metals which have combined 

with boron and oxygen. They are sometimes used in 
antiseptics, enamelware and china. Examples include 
colemanite, boracite, ludwigite and ulexite. 


Carbonates 

There are more than 200 carbonate minerals, 
including calcite and dolomite, two of the most 
common minerals on Earth. Other minerals in this 
group include ankerite, aragonite, azurite, cerussite, 
hydrozincite, magnesite, malachite, smithsonite, 
strontianite and trona. 


Halides 

The halide group is made up of over 100 minerals 
which contain one of the halogen gases — bromine, 
chlorine, fluorine or iodine — along with one or more 
metals. Halite is sodium chloride (chemical formula 
NaCl). Chloragyrite and sylvite are among the other 
members of this group. 


Y Fire opal from Mexico. All opals are made up of silicon 
and oxygen and are classified as oxides. 
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Classification of minerals 


Hydroxides 

Hydroxides are formed when a 
metal combines with hydrogen 
and oxygen. These are the two 
chemical elements contained in 
water and, indeed, hydroxides are 
often derived from this source. 
Examples include bauxite, 
goethite, limonite and manganite. 


Native elements 

Native elements are found on 
their own, not combined with any 
other element. They are divided 
into three groups — metals, semi- 
metals and non-metals. Gold, copper, platinum and 
silver are among the metals; semi-metals include 
arsenic, antimony and bismuth; carbon and sulphur 
are common non-metals. 


Nitrates 

Nitrates are minerals in which one or more metals 
combine with nitrogen and oxygen. They are widely 
used to make fertilisers and explosives. The principal 
nitrate minerals are nitratine, nitre and nitrocalcite. 


Oxides 

Oxides form when elements combine with oxygen. 
The most common is quartz, an oxide of silicon. 
Hematite, which is often used in red paint, is an 
oxide of iron. 


Phosphates 

There are more than 200 phosphate minerals. They 
form when metals combine with phosphorus and 
oxygen. Apatite is a calcium phosphate used in 
fertilisers; autunite is a phosphate of uranium. 


Silicates 

This is the largest and most abundant group of 
minerals on Earth, with more than 600 members. 
Silicates consist of metals combined with silicon and 


4 Light-blue crystals of 
aurichalcite and white 
crystals of hydrozincite 
on a matrix of brown 
goethite (Durango, 
Mexico). The first two 
minerals belong to the 
carbonate group, while 
goethite is a hydroxide 
of iron. 


Y4 A clear crystal of 
topaz, a silicate of 
aluminium (Plateau 
Province, Nigeria). 


feldspar, mica and the 
gemstones beryl, jade, 
onyx and tourmaline. 


Sulphates 


in which one or more 
metals combine with 
sulphur and oxygen. 
There are over 100 of 
these. The most 
abundant is gypsum 
(calcium sulphate). 


Sulphides 

This is a group of more than 300 minerals in which 
metals or semi-metals are combined with sulphur. 
Many sulphides, like galena, have a striking metallic 
sheen and well-formed crystals. Sulphides tend to 
have high densities. 


A A nodule of marcasite, an iron-bearing mineral of 
the sulphide group. 


oxygen. Examples include 


Sulphates are compounds 
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Evaporites are chemically formed sedimentary rocks which contain a sequence of 
minerals formed by the evaporation of concentrated saline (salty) water. 
Common evaporite rocks include dolomitic limestones, rock salt and rock gypsum. 
These are of considerable economic importance, being used in the chemical and 
construction industry. Evaporite minerals, such as halite, gypsum and potash salts, 
usually form in a repeated sequence interbedded with marl or clay. 


any evaporites occur in inland seas 

where the amount of water lost through 

evaporation exceeds the amount of new 
water coming in. The most famous deposits are 
found in the Dead Sea, the Caspian Sea, the Persian 
Gulf and the Gulf of California. 

The most important evaporite minerals are 
gypsum and halite. Among the other main evaporites 
are calcite, anhydrite and polyhalite, together with 
potassium and magnesium salts such as carnallite, 
kainite and sylvite. Such deposits often form in 
distinct bands and they show a repeated sequence 
of minerals. 


The conditions necessary for the formation of 
evaporites are as follows. Normal sea water contains 
about three and a half parts of salt in every 100 parts 
of water and is thus said to have a salinity of 3.5. 
When the amount of water is reduced by 80 per cent, 
evaporite precipitation starts to occur in a firmly 
established order. The more insoluble components, 
such as gypsum, form first. When 90 per cent of the 


A satellite view of the salt flats at Chott EI Jerid, a 
seasonal lake in Tunisia. Evaporite deposits accumulate 
very rapidly at up to 2cm per year. 


md 
a 


een 


S93IJOdeA3 


49 68 THE STORY OF THE EARTH 


original water has 
disappeared, more soluble 
minerals such as sylvite 
and halite start to form. 


Restricted flow 
Restriction of water flow 
is a critical requirement 
for the formation of 
evaporites. This is 
because, if the water were 
free to circulate normally, 
salinity levels would be 
restored and make 
precipitation impossible. 
Deep-basin evaporites 
occur in isolated basins 
during periods of global 
drought. Here again, 
water must evaporate 
more quickly than it can 
be replenished by inflow. 
These regions must also 
be isolated from open seas 
to prevent brine from 
returning there. Such 
deposits are often found 
to contain borax, 
epsomite and trona. 


Widespread 
minerals 

Evaporites are mined 
throughout the world. 
The most important 
deposits are found in the 
following locations: 
throughout Australia, the 
Middle East and North 
Africa; Innsbruck 
(Austria); Landes, 
Lorraine and the Paris 
Basin (France); Anhalt 
and Saxony (Germany); 
Crete (Greece); Siberia 
(Russia); and Alicante, the 
Ebro basin and Sorbas 
(Spain). In the USA, the 
prime evaporite locations 
are found in the states of 
California, Iowa, Kansas, 
Michigan, Montana, 
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4 A salt pond near Barstow, 
California (USA). 


4 Gypsum from Sicily. 


pre-soaks. Gypsum is vital to the 
building industry because it is a 
basic component of cement. It is 
also used to manufacture paper, 
plasterboard and rubber. Rock 
salt (halite) is used extensively 
for de-icing roads in winter. 


Nevada, New Mexico, New York, Ohio, Texas, Modern formations 

Virginia and Wyoming. Important evaporite deposits Evaporites are still forming today but are limited to 

have also been discovered in North Yorkshire and very dry areas with high temperatures and little rain. 

Cheshire, England. Fine specimens occur on the floors of semi-arid lakes 
Evaporites have a wide range of industrial uses. in Nevada and California (USA). Elsewhere, they 

Borax is very important in the manufacture of glass are found across the coastal flats (sabkhas) of the 

and ceramics, and is also used as a flux and in laundry ^ Middle East. 
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Pickeringite — a soft 
aluminium sulphate 


Skutterudite — minor ore 
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citrine is an unusual 
variety of quartz 
and is valued as a 
gemstone. 


itrine is the yellow or golden yellow 

variety of quartz. The name is derived 

from kitro, the Greek word for 
‘lemon’ or ‘lemon colour’. 

In its pure form, quartz is basically a 
colourless mineral. The citrine variety of 
quartz derives its distinctive yellow colour 
from iron included in its atomic structure. 

The finest citrine is usually pale yellow, £ 
but naturally occurring specimens are |^ 
rare. Most of the citrine found on sale in 
shops is in fact inferior amethyst which 
has been heat-treated to change its colour. 
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Similar gems 

Citrine is sometimes used to imitate more precious 
gemstones, notably yellow topaz, chrysoberyl, heliodor 
and corundum. The resemblance is sometimes so close 
that the exact identity cannot be established without 
detailed scientific analysis. 


The cut 

The quality of citrine is extremely variable and few 
specimens have a strong enough yellow coloration for 
use in jewellery. Those that are gem quality are 
fashioned into a wide range of shapes and styles. 


CITRINE 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 


Fracture: Conchoidal 
Colour: Yellow 
Streak: White 
Lustre: Vitreous 
Fluorescence: None 


GEMSTONES 


Citrine 
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A This magnificent specimen 
of citrine has been cut and 
polished to perfection so 

that its finest points are shown 
to best advantage. 


CHARACTERISTICS 


Like all forms of quartz, citrine is a member of the 
oxide group of minerals. Nevertheless, it should be 
noted that because it is an oxide of silicon it is also 
sometimes classified as part of the silicate group. 
Each molecule is made up of one atom of silicon 
combined with two atoms of oxygen. There are also 
impurities of iron. 

Crystals of citrine conform to the trigonal 
system of symmetry. They often occur as six-sided 
(hexagonal) prisms with pyramids at both ends. 
Some crystals grow together in the phenomenon 
known as twinning. 

Citrine scores 7 on the Mohs Scale of hardness: it 
can scratch glass and steel easily. 

All forms of quartz are extremely sensitive to heat. 
As a result, citrine is fairly easy to create artificially by 
heating amethyst (the purple variety of quartz) until 
it takes on the desired yellow coloration. Some 
quartz specimens are made up of a combination of 
amethyst and citrine: these are called ametrines. 


GEMSTONES 


Although citrine is 
normally yellow 

in colour, high 
concentrations of 
iron impurities may 
give it a brownish 
appearance. 


> Crystals of citrine 
from Madagascar. 


Y A specimen of citrine 
from Brazil. 


‘ORIGINS and DISTRIBUTION Ç$ 4j 


Citrine forms in two main ways: through the 
crystallisation of magma (molten rock) deep 
underground and by crystallisation of hydrothermal 
fluids in veins in the Earth's crust. Hydrothermal 
fluids consist of hot water rich in mineral-forming 
elements. 

Citrine is found in all the main types of rock: those 
that formed through igneous activity deep beneath 
the surface of the Earth (igneous rocks); those that 
have been altered by heat and/or pressure 
(metamorphic rocks); and those that have been 
formed by weathering, erosion and deposition 
(detrital sedimentary rocks). 

The finest specimens of citrine are found in the 
following locations: Minas Gerais (Brazil), Bourg 
d'Oisans (France), the Ural Mountains (Russia) and 
Salamanca (Spain). In the USA, the main sources 

Among the most popular cuts are the brilliant, the are found in California; Pikes Peak, Colorado; and 
cabochon, the mixed cut and the pendeloque. The North Carolina. 

preferred cutting angles for citrine are 40°—50° along 

the crown and 43? along the pavilion surface. (For a 

more detailed description of gem-cutting terms, see 

Discovery 9 and 11.) 


Tests 
Like all forms of quartz, citrine is insoluble unless 
placed in hydrofluoric acid. 


Tanzanite is a precious gem 
variety of zoisite that is 
found in a single location 
in East Africa. 


anzanite is an intense, violet-blue gemstone. 

It is named after Tanzania, the country in 

which it was originally discovered in 1966. It 
was unveiled to the world's press in 1967 by Tiffany, 
the famous New York jewellers. 


Epidote group 

Tanzanite is a variety of zoisite and as such is a 
member of the epidote group of minerals. Members 
of the epidote group are all basically silicates of 
calcium and aluminium. 

Both zoisite and tanzanite are calcium 
aluminium silicates, but tanzanite contains 
additional impurities of vanadium. It is from 
these that the gemstone derives its distinctive 
blue coloration. 


Pleochroism 
Tanzanite may appear purple, blue or slate grey, 
depending on the angle from which it is viewed. 


>a A crystal of tanzanite. 
Note the clearly visible 
inclusions. 


A A tanzanite gemstone 
in the square cut with 
bevelled edges. 


> Tanzanite in 
the popular drop cut. 


CHARACTERISTICS 


Tanzanite is a member of the silicate group of 
minerals. Its main chemical components are 
calcium, aluminium, silicon, oxygen and 
hydrogen; in addition, it contains impurities 
of the element vanadium, and it is from 
these that it derives its distinctive 
violet-blue colour. 
Crystals of tanzanite conform 
to the orthorhombic system of 
symmetry: they have three unequal 
crystallographic axes which are all at 
right angles to each other. 
One of tanzanite's many interesting 
optical properties is that it may appear to 
change colour when placed under a normal 
domestic light bulb or any other form of 
incandescent light. 
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The scientific term for this property is pleochroism, 
and tanzanite is said to be a pleochroic mineral. 

This effect can be enhanced by judicious cutting, 
and to this end tanzanite is usually faceted. The 
preferred cutting angle along both the crown and 
the pavilion surfaces of the gemstone is 40°. 


Practical difficulties 
Although tanzanite is an attractive gemstone, the 
chemical and physical make-up of the mineral 
present some practical difficulties. One problem is 
that it is fairly sensitive to heat: heating tanzanite 
only a little may enhance its natural coloration, but 
at temperatures above about 380°C it may lose its 
natural blue colour and turn to grey. 

Tanzanite is also very sensitive to mechanical 


4 Y A selection 

of tanzanite 
gemstones in a 
variety of different 
cuts. One of the 
most important 
characteristics of 
tanzanite is its 
pleochroism (see 
main text). Because 
it shows three 
different colours, 
depending on the 
angle from which it 
is viewed, it is also 
sometimes said to 
show trichroism. 


Although the preconditions necessary for the 
formation of tanzanite are found in many parts of 
the world, this precious mineral has so far been 
discovered in only one location; in a calcium-bearing 
stratum on Merelani Hill about 60km from Arusha in 
the Lelatama district of Tanzania. 

It is found here in an area of regional 
metamorphism — an area of metamorphic rock 
whose composition has been altered by heat 
and pressure. 


FACT FILE 
TANZANITE 


Group: Silicates 

Crystal system: Orthorhombic 
Chemical formula: Ca;Al;(SiO;)4(OH) 
Hardness: 6/—7 

Density: 3.55 

Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: Violet-blue 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


A famous example 

One of the largest and most beautiful individual 
crystals of tanzanite ever discovered weighs 122 carats 
(24.4g) and is now displayed at the Smithsonian 
Institution in Washington, DC (USA). 


stress and must be worked carefully to avoid 
damaging the crystal surfaces. As a result of this, 
tanzanite specimens may only be cleaned manually: 
ultrasonic devices should never be used because they 
may cause irreparable damage. 


Picker 


Pickeringite is an extremely 
soft mineral which often forms as 
acicular (needle-like) crystals. 


ickeringite is usually white, yellowish or 
completely colourless, although some specimens 


have a reddish hue. It was named in 1844 in 
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A A grape-shaped (botryoidal) cluster of yellow 
pickeringite from the Isle of Elba (Italy). Crystals like 
these may be irreparably damaged by exposure to air. 


honour of J. Pickering, a US mineralogist. 
Pickeringite and the closely related mineral 
halotrichite are both sulphates of aluminium with 


attached water of crystallisation. The important 
difference between them, however, is that while 
halotrichite also contains iron, pickeringite is a 
magnesium aluminium sulphate. 

The two minerals both have crystals in the same 
system of symmetry, and are therefore said to display 
isomorphism (see Discovery 55). 

Pickeringite belongs to the halotrichite group of 
sulphates. Other members of this group include 
apjohnite, bilinite, dietrichite and readingtonite. 


Hydrated mineral 

Pickeringite is a hydrated mineral, as each moleculte 
of the mineral has attached to it 22 molecules of 
water of crystallisation. This high water content is 
crucial to the physical appearance of pickeringite: if 


FACT FILE 


PICKERINGITE 


Group: Sulphates 


Crystal system: Monoclinic 


Chemical formula: MgAL(SO,),22H;0 


Hardness: 17 
Density: 1.79-1.84 
Cleavage: Poor 


Fracture: Conchoidal 


Colour: White, yellow, colourless, reddish 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


Rare mineral 


Pickeringite is formed by the weathering of pyrite- 
bearing rocks and is frequently found in coal veins. 
This mineral is rare and is never found in large 

quantities. Some of the principal locations where it 
occurs are: Salzburg (Austria); Iquique (Chile); Aix-les- 
Bains (France); Bolzano, Novara and Siena (Italy); the 
Reuss valley (Switzerland); California, Colorado and 
New Mexico (USA). 


A Acicular (needle-like) 
white pickeringite 
crystals from Capo 
Calamita, Isle of 
Elba (Italy). 


E 
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Pickeringite is a member of the halotrichite group 
of sulphate minerals. Each molecule is made up of 
magnesium, aluminium, sulphur and oxygen; there 
are, in addition, 22 molecules of attached water 


> Yellow of crystallisation. 

pickeringite | Crystals of pickeringite conform to the monoclinic 
found near |! System of symmetry, in which no crystallographic 
Turin (Italy). axis is the same length as any other. It often appears 


in needle-like crystals (acicular habit), in fibrous 
masses or as encrustations. 

Pickeringite is a very soft mineral: it scores only 17 
on the Mohs Scale of hardness and can be scratched 
with a fingernail. It has a specific gravity (SC) of 
around 1.8, which means that it weighs less than 
twice as much as the equivalent volume of water 
at normal room temperature. 


<A fibrous mass of pickeringite 
crystals from Cerro Pintados 
near Iquique (Chile). 


specimens of the mineral are 
allowed to dry out, they will 
crumble to a worthless powder. 
To make sure that this does not 
happen, mineral collectors 
should take care that all the 
specimens of pickeringite they 
may obtain are always stored in 
an airtight container. 


kutterudite 


Skutterudite is a minor 
ore of the metallic 
element cobalt. 


kutterudite is usually white but may also be 

grey in colour. It is named after Skutterud in 

Norway, an area regarded by geologists as the 
classic locality for this mineral: specimens from 
here are therefore known as topotypes. It is also 
widespread elsewhere. 

The main industrial ore of cobalt is cobaltite. 
Skutterudite may also be a minor source of this 
element, but there are only a few locations where it 
occurs in sufficient quantities to make commercial 
extraction economically worthwhile. 


Uses of cobalt 

Cobalt is important in the manufacture of stainless 
steels. It also forms an essential part of various alloys: 
some of these are used to make cutting tools, turbine 
blades and other machine parts that must be able to 
resist oxidation at high temperatures. 


SKUTTERUDITE 


Group: Arsenides 


Crystal system: Cubic 


Chemical formula: (Co,Ni)As; 
Hardness: 5/—6 

Density: 6.1—6.9 

Cleavage: Distinct 


Fracture: Conchoidal to uneven 


Colour: Greyish white 
Streak: Black 
Lustre: Metallic 


Fluorescence: None 


AY Two typical specimens of skutterudite from 
Morocco. Note the characteristic metallic sheen (lustre). 
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Widespread mineral 


Mineral series 
Skutterudite is a 

member of the smaltite- 
skutterudite-chloanthite 
series, in which the 
chemical elements cobalt, 
iron and nickel replace 
each other to varying 
degrees within the 
minerals concerned. 


Recognition 
Skutterudite can be 
recognised by a number 
of important features. It is 
a relatively hard mineral, 
scoring 5% to 6 on the 
Mohs Scale of hardness. 
This means that it can 
easily be marked by a 
specimen of quartz 


(which has a hardness of 


7), but only just by a steel knife blade (hardness 57 ). 
A coin (hardness 34) will not scratch it. With a 
density ranging from 6.1 to 6.9, skutterudite is a 
dense mineral, being nearly as heavy as galena (7.5). 
This means that a specimen is very noticeably heavy 
in the hand. It is a fragile mineral and cleaves very 
readily along perfect planes of weakness. 


Tests 


When heated, skutterudite fuses quite easily, and as it 
is an arsenic mineral the characteristic garlic-smelling 
fumes are produced. When heated in nitric acid a 
pink-coloured liquid develops. 


ORIGINS and 
DISTRIBUTION 


Skutterudite forms in hydrothermal 
veins. It is commonly found in 
association with other cobalt and 
nickel minerals such as cobaltite 
and niccolite. It is also found in and 
around deposits of smaltite and 
chloanthite, the minerals with - 
which it forms a solid solution 
series (see main text). — 

The following locations are 
among the world's most important 
sources of this mineral: Cobalt, 
Ontario (Canada); Bieber and 
Schneeberg (Germany); Anarak 
(Iran); the Isle of Elba and Piedmont 
(Italy); and Skutterud (Norway). 
Skutterudite is also found in various 
parts of the USA, most notably at 
Franklin, New Jersey. 


AY Although skutterudite takes its name from one particular 
location in Norway, it is a widespread mineral that is also 
found in many other parts of the world. The 12-sided 
(dodecahedral) crystals shown here were extracted from 

the Bou Azzer mine at Irhtem (Morocco). 


Skutterudite is a member of the arsenide group of 
minerals. All specimens contain arsenic together with 
the elements cobalt and nickel. 

Crystals of skutterudite conform to the cubic 
system of symmetry, but they are rare and the 
mineral more often appears in a massive habit. : 

Some specimens of skutterudite may show a [ ) 
variety of colours which shimmer and change along 
with the angle from which they are viewed. The 
scientific name for this property is iridescence. 


DISCOVERY / 


Sulphides I 


There are more than 300 sulphide minerals in which one or more metals 
or semi-metals are combined with sulphur. 
One of the best-known examples is galena, a sulphide of lead. 


are among the simplest of minerals. Many of 

them are made up quite straightforwardly of one 
atom of a metal joined to a single atom of sulphur. 
This chemical simplicity often coincides with a high 
degree of crystal symmetry. In addition, sulphides 
share many of the properties of metals: they often 
have an attractive metallic sheen (lustre) and are 
good conductors of electricity. They also tend 
to be fairly soft and to have a high 
specific gravity. 

The main sulphide minerals 
are those of cobalt, copper, iron, 
lead, nickel, silver and zinc. 
Sulphides are the principal source 
of many metals: they contain high 
concentrations of these valuable 
elements which are easily extracted 
from the ores. The following are 
some of the most important 
sulphide minerals. 


Í n terms of their chemical composition, sulphides 


Argentite 

Argentite (silver sulphide, 
chemical formula Ag,S) is 
the most important ore of 
silver. The main deposits 
are found in Zacatecas 
(Mexico), Kongsberg 
(Norway), Kremnica 
(Slovakia) and at the 
Comstock Lode in 
Nevada (USA). 


Bornite 

Bornite — otherwise 
known as peacock ore — is 
a sulphide of copper and 
iron, chemical formula 
CusFeS,. It is one of the 
commonest sources of 


> Crystals of pyrite and 
enargite from Peru. 
Enargite is a sulpho-salt 
made up of copper, 
arsenic and sulphur. 


copper for use in industry. The most important 
deposits are found on Mount Lyell, Tasmania 
(Australia), in Chile and Peru and at Butte, Montana 
(USA). Bornite is easily affected by weathering and 
alters to form chalcosine. Among the other widely 
distributed copper sulphides are chalcopyrite, 
chalcosine and cuprite. 


Cobaltite 
Cobaltite is made up of one atom of cobalt, 
one atom of arsenic and one atom of 
sulphur (chemical formula CoAsS). It is 
the principal ore of cobalt. Some of the 
largest deposits are found at Dashkesan 
(Azerbaijan), the Democratic Republic 


<A crystal of sphalerite (zinc sulphide) 
= which has been cut and polished into a 


rectangle with bevelled edges and a raised 


pavilion surface. This specimen weighs 10 
carats and was found in the USA. 


sepiudins 
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Sulphides 


of the Congo, Rajasthan (India), South Africa and 
Tunaberg (Sweden). 


Galena 

Galena (PbS) is the most important industrial source 
of lead. The mineral is easily weathered to secondary 
lead minerals, and the upper part of galena deposits 
are often surrounded by concentric bands of 
anglesite, cerussite and pyromorphite. Galena is 
mined extensively at Broken Hill, New South Wales 
(Australia), Clausthal Zellerfeld and Freiberg 
(Germany), Santa Eulalia (Mexico) and at Coeur 


d'Alene, Idaho (USA). 


Pentlandite 

Pentlandite is a sulphide of iron and nickel and 

the main source of nickel. Its chemical formula 

is (Fe,Ni)oSg. It is found in silica-poor rocks in 
association with pyrrhotite and similar minerals. 
Notable deposits are found at Sudbury, Ontario 
(Canada), Bodo (Norway) and the Bushveld region 
(South Africa). 


Pyrite 

Pyrite (FeS;) is the most commonly occurring sulphide 
of iron. The mineral is used commercially as a source 
of sulphur, particularly for the production of sulphuric 


Spain and the USA. 


Sphalerite 


Poland and across North Africa. 


<A fine group 
of crystals of 
galena, 

the most 


acid. The world's largest exploitable deposits are in 
Canada, Italy, Japan, Norway, Portugal, Slovakia, 


Sphalerite (ZnS) — or zinc blende — is the principal ore 
of zinc. It is often found in association with galena in 
lead-zinc deposits. The world's most economically 
important deposits occur in the Mississippi River 
valley region (USA). It is also widespread in Belgium, 


Major sulphides 
A checklist of some of the most 
widespread sulphide minerals: 


important 

ore of lead acanthite Ag;S 

(Ireland). argentite Ag;S 
arsenopyrite FeAsS 
bismuthinite Bi,S; 
bornite CusFeS, 
chalcopyrite CuFes, 
chalcosite Cu;S 
cinnabar HgS 
cobaltite CoAss 
covellite Cus 
galena Pbs 
glaucodot (Co,Fe)AsS 
greenockite CdS 
hauerite Mns, 
marcasite Fes, 
millerite NiS 
molybdenite MOS; 
orpiment AS.S; 
pentlandite (Fe,NiJsS; 
pyrite Fes, 
pyrrhotite Fes 
realgar ASS 
sphalerite ZnS 
stibnite Sb.S; 
wurtzite ZnS 


4 Hexagonal crystals of pyrrhotite 
(iron sulphide) from Mexico. 
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Ithough Italy is not especially rich in natural 
nove (there is little coal, for instance), 

there are significant amounts of natural gas, 
petroleum, lignite, sulphur and pyrite to be found. 
Bauxite, iron ore, lead, manganese, mercury and zinc 


are also present, and the islands of Sardinia and Sicily 
contain important deposits. 


The land 

Apart from the basin of the River Po in the north, 
most of the country consists of mountainous or hilly 
land with few significant flat areas. The two mountain 
chains of the Alps and the Apennines are so closely 
associated that it is hard to decide where one ends and 
the other begins. Both mountain systems were formed 


Italy 


Italy occupies all of the 
boot-shaped Italian 
peninsula on the 
northern shore of the 
Mediterranean Sea, 
= apart from 
the 60 sq. 
km of San 
Marino 
and the 44 
hectares of 
the Vatican 
City State. Italy also 
includes two of the 
largest islands in the 
Mediterranean, Sardinia 
and Sicily, and several 
smaller ones. The area 
of the country is 
301,268 sq. km and it 
is bordered in the 
northwest by France, in 
the north by Switzerland 
and Austria, and in the 
northeast by Slovenia. 


lonian Sea 


at about the same time and have undergone similar 
vertical movements with considerable faulting. Parts 
of the Italian landscape show mineralogical evidence of 
earlier volcanic activity, especially around the capital, 
Rome, and in Sicily. Today, Italy has three active 
volcanoes: Stromboli (926m high) in the Aeolian 
Islands, Vesuvius (1166m) near Naples, and Etna 
(3387m) in eastern Sicily. Italy lies on an area of 
seismic activity and there are frequent earthquakes. 


The Alps and the Apennines 

Occupying a large arc about 800km long, the 
Italian Alps extend from Liguria near the French 
frontier to the border with Slovenia in the east. The 
high mountains in the western Alps are mainly 


GROUNDWORK | 


composed of hard crystalline rocks such as granite. 
East of Lake Maggiore, the hard rocks are overlain by 
softer limestone, which usually wears down faster than 
crystalline rock; because of this, the peaks here are not 
as high nor the valleys as deep as those in the west. 
The main ridge of the Italian peninsula is formed 
by the Apennine Mountains. This range, which is 
sometimes known as ‘the backbone of Italy’, stretches 
from Liguria in the northwest to the south coast. The 
range is significantly lower than the Alps, so does not 
pose a serious barrier to communications. The region 
around Carrara is noted for its marble quarries. 


Sardinia and Sicily 
Sardinia is Italy's second largest island after Sicily. It 
comprises a huge block of hard crystalline rock which 


4An aerial view of Mount Etna (Sicily). 


is faulted in the southwest to form a large plain, the 
Campidano. In the southwest of the island, the high 
plateau of Iglesiente is important for its considerable 
mineral deposits. 

The southern island of Sicily contains important 
deposits of sulphur, halite and gypsum which have 
been mined for well over a century in the Caltanissetta 
region. Potash mining at San Cataldo and Lercara is a 
more recent development. Fertilisers and other 
chemicals based on these materials are manufactured 
on the island at Licata and Porto Empedocle. 


Tuscany 

Like Sardinia, Tuscany contains a rich variety of 
minerals, although the deposits are widely scattered 
throughout the region. The iron ore of eastern Elba 
(hematite, limonite and magnetite) has been mined 
since Etruscan times and is smelted with imported 
coal at Piombino. 

Halite, borax and gypsum in the Cecina valley and 
pyrite from Gavorrano provide the raw materials for 
several small chemical plants. In the Monte Amiata 
area, antimony and mercury ores are mined. It is also 
worth noting that the architecture of Tuscany is greatly 
enriched by the variety of building stones, including 
the beautiful marbles of Carrara and Montagnola. 

The mining of lignite in Tuscany is significant and 
some of it is used in thermal electric plants. The better 
quality lignites are found in Grosseto province. A small 
amount of oil is produced on Sicily but it is nowhere 
near as important as the 14.9 billion cubic metres of 
natural gas, mainly from the Po valley, which is the 
country’s chief fossil fuel resource. 


Y A salt panning plant in southern Sicily. 


A fault is a break in the rocks of the 
Earth's crust where the rocks on each 
side have moved relative to each other. 
Fault movement may be small and go 
virtually unnoticed. However, some 
faults have great destructive power and 
are the cause of earthquakes, such as 
the one which killed tens of thousands 
of people in China in May 2008. 


eologists classify faults according to the type of 

movement of the tectonic plates in the Earth's 

crust and mantle. When the movement is 
vertical, the fault is known as a dip slip; when the 
movement is horizontal, the fault is called a strike slip. 

There are a other types of fault, but before 

describing these it is necessarys to define some terms 
associated with them. When faulting happens, the 
rocks on one side are often moved upwards relative to 


AA A geological fold with small slip faults halfway 
along it. Scientifically, this formation is known as 
either a recumbent thrust fold or a nappe. 
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A Gently dipping rock strata from the Precambrian 
geological period with clearly visible faults along their 
entire length (eastern Greenland). 


the rocks on the other side. These are referred to as 
the upthrow and downthrow sides respectively. The 
interface between them, which appears as a narrow, 
fairly straight line on the surface, is called the fault 

plane. In some faults this is nearly vertical, while in 
others it can be almost horizontal. 

Along the fault plane there is a zone where rocks 
are broken and jumbled. It is here that hydrothermal 
mineralising fluids rise towards the surface and the 
fault zone can become a mineral vein. On the surface 
of the fault plane there are often scratches made by 


Faults 


A normal slip fault in 
a metamorphic rock 
formation (Scotland). Faults 
can easily be seen along 
sea coasts or river banks 
where erosion has carved 
out sheer cliff faces. 


rocks dragging on it 
during the faults 
movement. Such 
scratches, called 
slickensides, are parallel 
to the direction of 
movement on the fault. 


The common type of fault 
has a nearly vertical fault 
plane. One mass of rock 
has slipped down the fault 
plane (the downthrow 
side) relative to the other 
(upthrow) side. Such 
faulting is the result of 
tension in the Earth's 
crust, causing stretching. 
The movement on a 
normal fault helps to take 
up some of the extension 
in the crust caused by 
tension. When seen in a 
cliff or quarry face, a 
normal fault can be 
detected by following a 
stratum on one side as far 
as the fault plane. This 
stratum will be at a 
different level on the other 
side of the fault. The vertical difference between the 
position of this stratum on either side of the fault is 
called the throw of the fault. Where a number of 
normal faults occur together, with downthrow blocks 
between them, rifting may happen. The great African 
rift valley, where the continent is starting to split apart, 
is a famous example. 


When compression in the Earth’s crust occurs, one 
rock mass moves up the fault plane, which is at a 
relatively steep angle in a reverse fault. In a thrust 
fault the angle of the fault plane is very shallow and 
compressional movement may cause rocks to be 
pushed many miles up and along the fault plane. Such 
faults are well known in areas of mountain formation, 
such as the Alps and Himalayas. Here movement of 
tectonic plates, carrying huge masses of rock up against 
relatively stable regions, produces the compressional 
forces needed to cause thrusting. 


Geologists examining a fault on inclined beds of shales and flaggy sandstones (Iran). 


Thrust faulting can bring masses of older rock 
above relatively younger rocks. In the Moine thrust 
region of northwest Scotland, rocks of Precambrian 
age now rest on Cambrian strata. Along the fault plane 
of a thrust fault, a zone of crushed rocks is found. This 
streaked-out rock powder is cemented by minerals to 
form mylonite, a dynamically metamorphosed rock. 


These are faults with virtually no vertical displacement 
along the fault plane. The movement is lateral where 
one block has moved sideways past another. This is the 
situation that occurs at conservative plate boundaries, 
where plates move past each other sideways. The fault 
plane is very steep and such faults can be followed for 
many miles when they break the surface. 

The San Andreas fault in western North America is 
a huge tear fault marking the boundary between the 
North American and Pacific plates. This fault caused 
the great San Francisco earthquake in 1906. 
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Albite 


Albite is the sodium-rich 
end member of the 
plagioclase feldspar 
group of minerals. 


lbite is usually white in colour, but it can also 
Ae green, blue, red or grey. There is also a 

colourless variety. It is the lowest-temperature 
member of the plagioclase feldspar series, as opposed 


to anorthite (calcium-rich 
plagioclase) which forms 
at the highest 
temperatures. 

These feldspars form 
from magma and lava as 
they cool, and are a classic 
example of a solid solution 
series, sodium taking the 
place of calcium in the 
chemical structure as the 
temperature falls. The 
presence of albite in 
igneous rocks, especially 
granite, pegmatite, syenite 
and andesite, helps 
petrologists to classify 
and name these rocks 
accurately. 

Albite is a hard mineral 
(6 to 64 on the Mohs 
Scale of hardness) and can 
scratch window glass. 
Multiple twinning, with 
many thin crystals joined 
together, is a common 
feature of this mineral. 

As with many 
feldspars, albite 
decomposes when affected 
by hydrothermal fluids or 
weathering and becomes 
china clay. This is quarried 
in great quantities as an 
industrial material. 


» White translucent 
albite crystals, from the 
Italian Tyrol. 


FACT FILE 
ALBITE 


Group: Silicates 


Crystal system: Triclinic 


Chemical formula: NaAISi;0; 
Hardness: 6-6/4 


Density: 2.6—2.63 


Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: Colourless, white, grey, blue, red, 
green 


Streak: White 
Lustre: Vitreous 


Fluorescence: None 


A Twinned crystals of albite from 


the mountainous Tyrol region of 


Austria. Albite is found in igneous 


rocks all over the world. 
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Commonplace mineral 


A Y > Specimens of albite crystals in different 
shades from northern Italy. 


v Pink-tinged 
albite crystals 
from Mont Saint- 
Hilaire, Quebec 
Province, Canada. 


ORIGINS and DISTRIBUTION 


TT 


Albite is a mineral that is common and widespread 
throughout the world. 

There are many fine deposits in the Mont Blanc 
region of Switzerland, the Austrian Tyrol and right 
across northern Italy — in the Val D'Aosta, around 
Lake Maggiore, and in the valleys around Bolzano. 
Some of the finest examples are found with a rock- 
forming mineral called orthoclase. 


It contains the metals sodium and aluminium, and it 
may also contain calcium. It is quite brittle and 
resistant to high temperatures, so it does not 

melt easily. 

Albite is found in a range of colours. It is colourless 
or white when pure, but it can also be blue, grey, 
green or red. 

Albite is not very heavy, but it is moderately hard. 
It registers 6-64 on the Mohs Scale of hardness. 

Albite belongs to the feldspar group. Feldspars are 
one of the main rock-forming minerals that were 
created as a result of igneous activity beneath the 
surface of the Earth. 
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Pyrargyrite is a minor 
ore of the precious 
metal silver. 


yrargyrite is typically dark red or reddish black 

in colour. It was identified as a distinct mineral 

at the start of the 19th century and was 
sometimes known as aerosite. The modern name 
derives from the Greek words pyr, meaning ‘fire’ and 
arguros, meaning ‘silver’. The mineral is sometimes 
known as ‘ruby silver’. 

Pyrargyrite and proustite are closely related minerals. 
Both are sulphosalts of silver, but while proustite also 
contains arsenic (chemical symbol As), pyrargyrite's 
third component element is antimony (Sb). 

This distinction between the two minerals was first 
established in 1804 by the French chemist Joseph 
Louis Proust (1754—1826), after whom proustite, the 
arsenic silver sulphosalt, is named. 


Similar mineral 
Minerals which have the same chemistry as another 
mineral but a different form are said to show 


FACT FILE 
PYRARGYRITE 


Group: Sulphosalts 

Crystal system: Trigonal 
Chemical formula: Ag;SbS; 
Hardness: 27 

Density: 5.8 

Cleavage: Distinct 


Fracture: Uneven to conchoidal 
Colour: Reddish black, dark red 
Streak: Dark red 

Lustre: Adamantine to submetallic 


Fluorescence: None 


A These dark red crystals of pyrargyrite were 
obtained from the Samson Mine at St Andreasberg 
in the Harz Mountains (Germany). 


Pyrargyrite is a member of the sulphosalt group 
of minerals. Each molecule is made up of three 
atoms of silver, one atom of antimony and three 
atoms of sulphur. 

Crystals of pyrargyrite conform to the trigonal 
system of symmetry and are often prismatic in habit. 
The mineral usually occurs as specimens with no 
particular shape (massive habit). 

Pyrargyrite is blackish or dark red in colour. The 
surface colour alters when specimens are exposed 
to light. 


dimorphism. Pyrargyrite is dimorphous with 
pyrostilpnite. Pyrostilpnite is also an antimony silver 
sulphosalt, and both minerals have exactly the same 


chemical formula. The main difference between the 
two minerals lies in their crystal symmetry: pyrargyrite 
belongs to the trigonal system, while crystals of 
pyrostilpnite conform to the monoclinic system. 


Tests and treatment 

Pyrargyrite dissolves in nitric acid and melts (fuses) 
easily when placed in an open flame. The surface of 
this mineral alters on exposure to light: this coating 
can be removed by gently wiping the specimens with 
a cotton cloth. 
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ORIGINS and 
DISTRIBUTION 


Pyrargyrite is found in low- 
temperature silver veins, where 
it occurs in association with 
argentite, calcite, dolomite, 
galena, quartz, native silver, 
sphalerite and tetrahedrite. 

The finest pyrargyrite crystals 
come from Chanarcillo (Chile), 
Zacatecas (Mexico) and Casapalca, 
Colquijirca, Castrovirreyna and 
Vinchos (Peru). 

Pyrargyrite is also found in the 
following locations: Colquechaca 
(Bolivia); Pribram (Czech Republic); 
Freiberg and St Andreasberg 
(Germany); on the island of 
Sardinia and at Lecco and Varese 
(Italy); Sacaramb (Romania); Banská 
Stiavnica (Slovakia); Guadalajara 
(Spain); and Silver City, Idaho, and 
Comstock, Nevada (USA). 


The photographs 
on this page 
show typical 
crystal shapes 
of pyrargyrite. 
The specimens 
all came from 

a mine at 
Valsassina 

in Lecco 
(northern Italy). 


GEMSTONES 


Hiddenite is a green form 
of spodumene 
and is used 
as a gemstone. 


iddenite is the 
emerald-green variety 
of spodumene. It is 


named after A.E. Hidden, an 
American prospector who 
discovered it in North Carolina 
in 1879. 


Forms of spodumene 
Spodumene was originally 
identified in 1800. When 
hiddenite was discovered in 
North America 79 years later, 
it was at first thought to be a 
distinct mineral. Detailed 
chemical analysis subsequently 
revealed that hiddenite was 
chemically indistinguishable 
from spodumene, and that it 
owed its green coloration to 
the presence of chromium 
impurities. 


A A faceted hiddenite 
gemstone. This specimen 
weighs 2.75 carats (Brazil). 


CHARACTERISTICS 


Hiddenite is a member of the silicate 
group of minerals. It is a silicate of 
the metallic elements lithium and 
aluminium. Its colour is derived 
from the presence of chromium 
impurities. 

Crystals of hiddenite conform to 
the monoclinic system of symmetry 
in which no crystallographic axis is 
the same length as any other. Its 
crystals are usually prismatic with 
longitudinal grooves (striations). 

Hiddenite is transparent and 
has a glassy sheen (vitreous lustre). 
Although hiddenite is green, it has a 
white streak, and this is the colour all 
specimens would be if they were 
reduced to powder. 

Hiddenite is a hard gemstone, 
scoring between 6% and 7% on the 
Mohs Scale. Consequently, it can 
scratch glass very easily. Its density 
is fairly average at 3.0-3.2. 


<A prismatic crystal of 
hiddenite from Brazil. 


Kunzite 

Another variety of 
spodumene is named 
kunzite after G.F. 
Kunz, the American 
gemmologist who 
discovered it in 1903. 


HIDDENITE 


Group: Silicates 
Crystal system: Monoclinic 


ORIGINS and DISTRIBUTION C að | 


^H ddenite is found in granite pegmatites which were 
originally formed through igneous activity deep 
beneath the surface of the Earth. It is commonly 
associated with feldspar, muscovite and quartz. 
Some of the finest specimens of this mineral have 
been found in Brazil and Madagascar. In the USA, 
hiddenite is found with spodumene 
in Pala (California) and Stony 
Point (North Carolina). 


This turned out to 
be another form of 
spodumene which owed 


Chemical formula: LiAISi;0; 
Hardness: 6/—7/ 
Density: 3.0-3.2 


its lilac coloration to the 
presence of tiny particles 
of manganese. 


Cleavage: Perfect 


Colour: Green 

Streak: White 

Lustre: Vitreous — 
Fluorescence: None 


The cut 

The finest specimens 

of hiddenite are highly 
valued as gemstones. They 
are used in pendants and earrings, but not normally 
in rings as they are not sufficiently robust for this 

use. Gem-quality hiddenite crystals are usually cut 
with a brilliant, pendeloque or step cut. The preferred 
cutting angle is 40? along both the crown and the 
pavilion surfaces. (For a more detailed description of 
gem-cutting terms, see Discovery 9 and 11.) 


Fracture: Uneven to subconchoidal 


<A Two faceted 
gemstones of 
hiddenite. 


Tests and treatment 

Apart from its colour, the most distinctive 
characteristic of hiddenite is that it is insoluble. 
When specimens are placed in an open flame they 
melt (fuse) and the lithium in the mineral turns the 
flame red. Any surface impurities can be removed 
with dilute acids. 


GEMSTONES 


Red spinel 


Red spinel is the most 
valuable gem variety FACT FILE 


of spinel. RED SPINEL 


Group: Oxides 
Crystal system: Cubic 
s its name suggests, red spinel is the red variety Chemical formula: MgAL;O, 
of spinel. The word spinel comes from the Hardness: 7-8 
Latin spinella, meaning ‘little thor’: this is Density: 3.58 
a reference to one of the typical crystal shapes. Cleavage: None 
The colour of red spinel derives from the Fracture: Conchoidal to uneven 
presence of chromium and iron impurities Colour: Red, pink 
within its crystals. Streak: White 
į: : Lustre: Vitreous 
The cut Fluorescence: Red 
Most red spinels are cut into oval shapes. 
The exceptions are translucent specimens, 
which tend to be fashioned into smooth, domed 4 A specimen of red spinel 
cabochons or spheres. Red spinel may also be faceted in an eye-shaped cut known 
into brilliants, cushions or step cuts. In these cases, the as a marquise. 


A Red spinel in a 
square cut with 
bevelled edges. 


4 Crystals of red 
spinel from Sri Lanka. 
Although they all 
share an eight-sided 
(octahedral) habit, 
they are different 
shades of red. 


v Crystals of red spinel on a base of white calcite. 
Although the calcite could be easily removed with acid 
without damaging the gemstone, it has been retained 
to provide a striking visual contrast. 


A An uncut eight-sided (octahedral) crystal of red 
spinel from Sri Lanka. 


> Two specimens of red spinel in round cuts. 


preferred cutting angle is 40? along both the crown 
and pavilion surfaces of the stone. (For an explanation 
of gem-cutting terms, see Discovery 9 and 11.) 

Spinel is generally little imitated; on the contrary, 
it is used to imitate even more precious gemstones, 
notably ruby itself. 


Famous examples 
Various large red spinel gems are found in the crown 


jewels of the world. Despite their names, the so-called 
Timur Ruby and the Black Princes Ruby in the British 


ORIGINS and DISTRIBUTION & 


Red spinel is found mainly in rocks which have 
been altered by heat and pressure (metamorphic 
rocks), especially gneisses, granulites and some 
serpentinites. In all these rocks, it is often found in 
association with corundum. Red spinel may also 
occur in marble and in some basic igneous rocks. 

Fine, eight-sided (octahedral) crystals and pebbles 
which have been worn down by the action of water 
are found in the gem-bearing gravels of Madagascar, 
Myanmar (Burma) and Sri Lanka. In such locations, 
spinels may be fairly easy to identify because they 
are more resistant to erosion than many other 
minerals and are therefore likely to be much larger 
than most of the surrounding grains. 

Another major producer of red spinel is Brazil, 
where rich deposits of the mineral are mined on an 
industrial scale in the state of Espirito Santo. 

There are also significant deposits in Afghanistan, 
Italy, Russia and Thailand. 


CHARACTERISTICS 


Red spinel is a member of the oxide group of 
minerals. Each molecule is made up of one atom of 
magnesium, two atoms of aluminium and four atoms 
of oxygen. 

The basic structure of this mineral conforms to 
the cubic system of crystal symmetry. Red spinel 
often takes the form of four-, eight- or 12-sided 
crystals, but it may also occur in irregular shapes or 
as tiny grains. Eight-sided (octahedral) crystals are 
the most common, and these frequently grow 
together to create beautiful ‘spinel twins’. 


crown jewels are in fact not rubies at all but red 
spinels. The crown jewels of the former shahs of Iran 
contain two red spinels, weighing 500 carats and 
270 carats respectively (one carat = 0.2g). 

The world’s most beautiful red spinel is widely 
thought to be the 400-carat specimen in the crown 
jewels of Russia. 


Tests and treatment 
Red spinel will not melt (is infusible). It may be 
cleaned with any dilute acid. 
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DISCOVERY 


Sulphides II 


Here we take a further look at the sulphide minerals, 
many of which are among the most economically important 
treasures of the Earth. 


Acanthite Chalcopyrite 

This is a low-temperature version of the more This mineral (formula CuFeS;) is an important 
commonly occurring argentite (see Discovery 73). industrial source of copper. It also contains iron. 
Both minerals contain silver and sulphur and have It is widespread throughout the world, and some of 
the same chemical formula (Ag,S). Crystals of the best deposits occur in Cornwall and Devon 


acanthite belong to the monoclinic system, whereas 
those of argentite are cubic. The best deposits are 
found at Jachymov (Czech Republic), Freiberg 
(Germany), Chihuahua and Zacatecas (Mexico) 
and Georgetown, Colorado (USA). 


Arsenopyrite 
This sulphide is a major ore of arsenic. Its chemical 
formula is FeAsS. The iron may be substituted by up 
to 9 per cent of cobalt: such specimens are known by 
the name danaite. Arsenopyrite occurs at Deloro, 
Hastings County, Ontario (Canada); in the silver 
mines at Freiberg (Germany); and in Binnental 
(Switzerland). In the USA, there are major 

deposits at Franconia, New 
Hampshire, and Franklin, 
New Jersey. 


Bismuthinite 
Bismuthinite is one of the 
most important ores of 
bismuth. This metallic 
element is combined with 
tin and lead to make low- 
melting point alloys and 
used in the manufacture 

of safety devices for fire 
detection and sprinkler 
systems. Important deposits 
are found in Bolivia and 
Cornwall (England); it is 
also found with chrysoberyl 
at Haddam, Connecticut, 
in the USA. 


Ab Plate-like (lamellar) 
crystals of molybdenite. 


> Crystals of pyrite, one of 
the sulphide minerals, from 
Grosseto (Italy). 


II Sepiudins 


E. A DISCOVERY. 


Sulphides Il 


(England) and in the US states of Arizona, California, 


Montana, Nevada, New Mexico and Pennsylvania. 


Cinnabar 

Cinnabar (chemical formula HgS) is the only 
common ore of mercury. The world’s most abundant 
deposit is at Almadén near Ciudad Real (Spain), 
where it has been mined continuously for 

more than 2000 years. Other important sources 

of this mineral are found in Italy, Peru and 


California (USA). 


Covellite 

Covellite is a simple sulphide of copper with the 
chemical formula CuS. It normally occurs in 
association with bornite and chalcopyrite. The world’s 
main deposits of this mineral are found in some areas 
of Argentina, Austria, Bolivia, Chile, New Zealand, 
Peru and at Butte, Montana (USA). 


Glaucodot 

Glaucodot is a sulphide of cobalt, iron and arsenic, 
with the chemical formula (Co,Fe)AsS. It is found in 
many of the same locations as the associated sulphide 
mineral cobaltite (see Discovery 73). 


Greenockite 

Greenockite is an ore of cadmium. Cadmium is a 
soft, bluish metal with a low melting point which is 
used to make solders and in electroplating. The prime 
locations of greenockite are at Pribram (Czech 
Republic); Bishopton, Renfrewshire (Scotland); and 
Joplin, Missouri, and Franklin, New Jersey (USA). 


Marcasite 
Marcasite and pyrite (see Discovery 73) have the same 
chemical composition, but pyrite conforms to the 


cubic system of symmetry, while crystals of marcasite 
are in the orthorhombic system. Marcasite is found 

in many locations worldwide, notably in the Kentish 
chalk marl between Dover and Folkestone (England). 


Molybdenite 
Molybdenite is an ore of the metallic element 
molybdenum. It is found in Canada, Norway and 


the USA. 


Orpiment 

Orpiment is a major ore of arsenic, an element 

used in insecticides and as a semi-conductor. The 
mineral is found in Germany, Romania, Switzerland 


and Turkey. 
Realgar 
Like orpiment, realgar is an important ore of arsenic. 


Deposits are found in Peru, Switzerland and the USA. 


<A nodular concretion of marcasite. 


v Red encrustations of realgar. 
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? On the mineral trail: 


Venezuela occupies 

an area of 912,050 

sq. km and is larger 

than Britain and 

France combined. 

It is bounded in ie 
the north by the WA. Y) 
Caribbean Sea and wt, 
the Atlantic Ocean, ped : 5 «D. 


Basin = de Hierro 


in the east by mai to. 
Guyana, in the south $m 
by Brazil, and in the 
west by Colombia. 

The coastline IT 
extends for around a ce 
2735km EE = 
and there 
are about 

70 islands 

off the 

coast. 


enezuela is one of the most mineral-rich 
Y / countries in South America. It contains large 
quantities of bauxite, copper, diamonds, gold 
and iron ore. 


Valencia 


\ The Llanos 


Arauca d 


The land 

The country is divided into four distinct regions: the 

Andean Mountain Highlands, the Maracaibo Basin, 

the Llanos and the Guiana Highlands. The Sierra 

Nevada is the largest Andean mountain range in 

Venezuela and several peaks, including La Columna, 

Pico Bolivar and Pico Humboldt, are more than 

4500m high. The Maracaibo Basin is the smallest 

region, but it contains Venezuela's second largest city, A Mount Roraima (2810m) in the Guiana Highlands, a 
Maracaibo, which is supported by the area's rich region where bauxite has been discovered. 
petroleum fields. 

The Llanos forms a large plains area approximately from the Sierra Nevada de Merida by the Capanaparo, 
970km long and 320km wide which slopes gently to Arauca and Apure rivers. The Orinoco flows in a wide 
the Orinoco Delta. On the higher plains there are arc around the Guiana Highlands, a remote hilly 
coarse sands, gravels and silts which are washed down plateau region. The discovery of rich mineral deposits 


of iron, manganese and bauxite ores near Ciudad 
Bolivar has made this one of the country's most 
important economic regions. 


Rich mineral deposits 

Large deposits of iron ore are found in the eastern 
central state of Bolivar, especially at El Pao, El Trueno 
and Cerro Bolivar. The last named is the site of the so- 
called ‘Iron Mountain’, estimated to contain about 
2000 million tonnes of high-grade ore. Most 
Venezuelan ore is mined by open-pit methods: 
enormous electrically-driven machines tear rock out of 
the mountainside 20 tonnes at a time and load it onto 
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4 Tropical rainforest in the Orinoco river basin. 


rail trucks to be taken away to extraction plants. By the 
late 1980s, about 19.1 million tonnes of iron ore were 
being produced here annually. 

In the mid-1970s, large deposits of bauxite were 
discovered in the mountains of Bolivar, south of La 
Urbana, and in the Guiana region of eastern Bolivar. 
By the late 1980s, the bauxite from these regions was 
satisfying most of the needs of the country's growing 
aluminium industry in the Ciudad Guayana region. 

Other significant minerals include copper, 
diamonds and gold. Deposits of all three are 
concentrated in the area of Loma de Hierro, 80km 
southwest of the Venezuelan capital, Caracas. Asbestos 
and mica are also mined, together with phosphates and 
platinum. Margarita Island off the north coast has 
large reserves of magnesite. 


Other natural resources 

By the late 1980s, Venezuela was the world's ninth 
largest producer of crude oil. About 665 million 
barrels were being produced annually, much of which 
was exported to the Netherlands Antilles for refining. 

The country also has considerable heavy oil 
resources which are contained in a 65km-deep belt of 
tar sands which extends 625km along the northern 
shore of the Orinoco River. Petroleum production and 
refining account for 94 per cent of the country's total 
export earnings. 

The main coal deposits, estimated at one billion 
tonnes, are found to the northwest of Maracaibo. 
Venezuela also has reserves of natural gas, asphalt, 
chromium, lead, manganese, mercury, nickel, salt, 
tin, titanium and zinc. 


v An oil tanker terminal in Venezuela. Crude oil is taken 
from here to refineries in the Netherlands Antilles. 
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Folding is a phenomenon that mainly 
affects sedimentary rocks - those that 
are formed in distinct layers or strata. 
These strata are generally thought to 
be horizontal, or very nearly so, when 
formed, and sedimentarys rocks such 
as these include sandstone, shale and 
limestone. Stratification is one of the 
most fundamental features of such 
rocks, and can usually be clearly seen 


where the rocks are exposed. When these 


rocks are subjected to compression, 
during movements of the Earth's crust, 
they can be moved into upward and 
downward curves called folds. 


o understand folds it is necessary to be familiar 

with certain geological principles. When a 

stratum no longer lies horizontally, and its 
surface is inclined, it is said to have dip. This is the 
case with strata that have been folded, as their surfaces 
are now inclined. The angle of dip is the greatest angle 
that can be measured from the horizontal down an 
inclined rock surface. Dip also has a direction that can 
be measured with a compass. 

In contrast to this direction is the strike of a 

dipping rock stratum. Strike is the direction at right 


SpIod 


Erosion of surrounding rock strata has revealed the 
profile of an anticlinal fold in flaggy sandstones, shales 
and siltstones (Wyoming, USA). 


The top picture shows a classic example of anticlines 
in the dome formation along the whaleback ridges of 
Sheep Mountain, Wyoming (USA). 


angles to the dip direction. Folds are described as 
having a crest or trough (which follows the strike of 
the rocks) and limbs, which are the dipping strata on 
their sides. 


Strata folded by compression into an arch shape form 
an anticline. This is a very common type of fold. A 
symmetrical anticline is shaped like an arch, with its 


Folds 


Hartland Point, Devon (England), a sedimentary rock 
cliff with V-shaped (chevron) folds. 


- Asyncline on the Isle of Mull (Scotland). These strata 
have been forced upwards by pressure from 
surrounding rocks. 


limbs dipping away at the same angle on both sides. 
Rocks in the very centre of such a fold may be broken 
and crushed, but this depends on the type of rock. 

A syncline is a downfold, the opposite of an 
anticline. The dip of the strata in a syncline is down 
towards the trough. Folds are often in series with 
anticlines and synclines together. Often the axial plane 
of a fold is not vertical. The fold is then said to be 
asymmetrical. In extreme cases the axis may be almost 
horizontal and the fold is then recumbent. 

Often one limb of a fold may dip more steeply than 
the other. In this case the fold is asymmetrical. When 
the rocks in an anticline fold dip in all directions away 
from a central point the structure is called a dome — 
the similar synclinal feature is a basin. 


Folded rocks exposed at the surface are eroded into 
various patterns which have to be interpreted in order 
for the underlying structure to be explained. 

For example, when an anticline is eroded, an 
outcrop pattern will be produced that shows the 
oldest strata in the centre and younger ones towards 
the margins. 

In a syncline, the younger rocks are exposed in the 
centre and the outer limbs are of older rocks. Such 
patterns can be interpreted using information about 
the dip and strike of the rocks involved, as older rocks 
normally dip below younger ones. 


When a large plutonic igneous mass is intruded, or 
when a salt dome breaks upwards into overlying strata, 
upfolding of the surrounding rocks may occur. 

Folded rocks form some of the best-known oil 
traps. When porous and non-porous strata occur 
together in an anticline, oil, gas and brine can seep 
from depth up the dip slope of the porous rocks and 
become trapped by a higher layer of non-porous rock. 
These fluids can accumulate and may be of 
considerable commercial value. 
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Antimony — many 
useful alloys 


Tremolite — a fibrous 
silicate mineral 
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Hematite is the world's main 
industrial source of iron. 
It is one of the most 
widespread of all 
iron-bearing minerals. 


" ematite (or haematite) 
gets its name from the 
Greek word for blood 


(haima). Its colour varies from 
black or steel grey to dark red. It 
is important in industry and is 
also popular with collectors. 


Abundant mineral 
Hematite is plentiful and widespread 
the world over. Although it is not the 
mineral with the highest concentration 
of iron within its chemical structure, 

it is the most abundant, and, 
consequently, it is the 
principal industrial source 
of iron. Some of the finest 
hematite specimens are 

used for ornaments and 
gemstones. 

When flattened, 
hematite crystals are found 
arranged in a pattern that 
resembles the petals of a 


A Hematite in the kidney-shaped habit. This is 
known as ‘kidney ore’ (west Cumbria, England). 


. Hematite belongs to the oxide group of minerals. 
. Itisan oxide of the metallic element iron and each 
molecule of the compound always contains two 
atoms of iron and three atoms of oxygen. 

Hematite is usually found in rounded masses, and 


FA CT FILE its surface may be shiny or earthy in appearance. 


» A hematite cabochon. 


i Hematite has a distinctive metallic sheen (lustre). 
HEMATITE Its crystals - which belong to the trigonal system - 
Group: Oxides . are often flattened or prismatic wih six sides 
Crystal system: Trigonal | (hexagonal). Hematite can also occur in columns, 
Chemical formula: Fe;0; sheets and foliated masses, as well as in kidney- | 
Hardness: 5-6 shaped, teat-shaped and grape-like forms. | 
Density: 5.26 Hematite is quite a hard mineral (it scores between 
Cleavage: None 5 and 6 on the Mohs Scale). It is about the same 
Fracture: Uneven to subconchoidal hardness as a penknife blade and can be easily 
Colour: Red or steel grey to black scratched by a piece of quartz. Hematite has a high 
Streak: Red to reddish brown density because of its iron content, and is 5.26 times | 
Lustre: Metallic, sometimes dull heavier than the equivalent volume of water at 
Fluorescence: None room temperature. | 
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Industrial mineral 


flower, these structures are called ‘iron roses’; 
while shiny black crystals are known as 'specularite'. 
‘Specularite’ comes from the Latin word for ‘mirror’. 


Uses of iron 

Iron is one of the most useful of metals. At high 
tempertures it is easily drawn out into long threads 
and flattened into sheets (that is, it is ductile and 
malleable). It is also a good conductor of heat and 
electricity. Although iron is not magnetic, it is 
attracted by magnets and easily magnetised. 

Iron is the fourth most common element in the 
Earth's crust and makes up approximately 5 per cent 
of its weight. Scientists believe that iron is one of the 
main two components of the Earth’s core. 


Habit 

One of the most characteristic features of hematite 
is its reniform (kidney-shaped) habit. Specimens 
frequently occur with this rounded shape and they 
are known as ‘kidney ore’. Hematite also has a very 
similar colour to kidneys. If a reniform mass is 
broken, it is seen to have concentric bands and also 


radiating structures. The term botryoidal is used for a 


rounded mineral habit of somewhat smaller scale to 


the reniform shape. In botryoidal specimens the 
appearance is rather like a bunch of grapes. 

Another iron oxide, goethite, can occur in a 
similar botryoidal habit, but this mineral is black 
in colour and so should not be easily confused 
with hematite. 


ban... X 


< A Two groups of hematite crystals from Rio Marina 
on the Isle of Elba in Italy. Specimens like these can be 
acquired without much difficulty, and they make 
striking additions to any mineral collection. 


ORIGINS and DISTRIBUTION <$ 


Hematite occurs in both igneous and sedimentary 
rocks. In igneous rocks it may be an accessory 
mineral. This means that it occurs in very small 
quantities which in no way affect the total chemical 
composition of the igneous rock, and therefore its 
classification. 

In sedimentary rocks hematite occurs as a 
replacement mineral. Iron-bearing solutions seeping 
through previously formed sedimentary strata can, 
in certain circumstances, replace minerals in those 
strata. Limestone is especially susceptible to this 
replacement process and can be replaced on a very 
large scale. In this situation even fossil corals in the 
original limestone can be turned to hematite. 

Hematite is very widely distributed all over the 
world. Bedded iron formations dating from the 
Precambrian Age have created the most important 
hematite deposits in Minas Gerais, Brazil; in Quebec, 
Canada; along the shores of Lake Superior, USA; and in 
central Venezuela. 

Fine hematite crystals suitable for collecting are 
found in Germany; around Mount Vesuvius and on the 
Isle of Elba ( Italy); and at St Gotthard, Switzerland. 

In the British Isles, fine examples of collectable 
hematite may be found at Cleator Moor in Cumbria. 


Although most antimony 
is extracted from 
stibnite, the 

metal is sometimes 

found as a native 

element. 


ntimony is an opaque, pale, silvery grey 
metal with a bright metallic sheen (lustre). 
It is very soft but of a much higher than 
average density. 
Scientists have been aware of antimony since 
at least the 15th century. It was first identified as a 
native element in 1707 by Nicolas Lémery (1645— 
1715), a distinguished French chemist who was for 
many years the apothecary to King Louis XIV. 


Uses of antimony 

In its pure state, antimony has no important uses. 
However, when it is combined with other metals, it 
increases their hardness and the alloys it forms have 

a wide range of practical applications. Antimony is a 
major component of solders and pewter, and of some 
forms of cast iron. It is a component of bullets and is 
used to make coverings for telephone cables and the 
plates of storage batteries. 


conform to the trigonal system of symmetry and 
may grow together in the phenomenon known as 
twinning. They often appear as pseudo-cubes or in 
the form of table-tops (tabular habit). However, such 
clearly defined shapes are rare. Most specimens are 
irregular shapes (massive habit) or occur as tiny 
grains, while some occur in plates (lamellae). 


Antimony compounds have a wide range of uses, 
being found in many types of ceramics, enamels, 
flame-proofing, glass dyestuffs and in various forms 
of rubber. They are also used in medicine as 
expectorants and to induce nausea. 
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A4 Two fine specimens of native antimony from 
Arechuyve in Chihuahua (Mexico). 
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Antimony forms in veins which have been altered by 
the action of hot water (hydrothermal veins). It is 
found in association with the other native elements 
arsenic and silver, as well as with the minerals galena, 
pyrite, sphalerite and stibnite. 

The world's principal occurrences of native 
antimony are found in the following locations: 
Borneo; New Brunswick and Quebec (Canada); Chile; 
Pribram (Czech Republic); St Andreasberg (Germany); 
Cagliari and Como (Italy); Coimbra (Portugal); 
Sarawak; Sala (Sweden); and California (USA). 


FACT FILE 
ANTIMONY 


Group: Native element 
Crystal system: Trigonal 
Chemical formula: Sb 
Hardness: 3-37 

Densi 7 


Y Silvery-white antimony from Linz (Austria). 


Cleavage: Perfect 


Fracture: Uneven 
Colour: Silvery grey 
Streak: Grey 

Lustre: Metallic 
Fluorescence: None 


Tests and treatment 

When antimony is burned in air, it turns the flame 
greenish blue and gives off highly poisonous white 
fumes. Surface impurities may be removed with any 
acid other than sulphuric. 


Lu dwigite 


Ludwigite is a rare but 

fairly widespread mineral. 

It is a member of the 
borate group of minerals. 


udwigite may be dark green or black in colour. 

It was first identified as a distinct mineral in 1874 

and named in honour of Ernst Ludwig, professor 
of chemistry at the University of Vienna (Austria). It 
appears in some early textbooks under the alternative 
name of collbranite. 

Ludwigite is a rare mineral with certain characteristics 
which aid its identification. Its density of 3.8 to 3.9 is 
slightly greater than the average of minerals in the Earth’s 
crust and it is fairly hard, scoring 5 on the Mohs Scale of 
hardness. In combination with its dark green or black 
colouring, these properties may help considerably towards 
an accurate identification. Ludwigite rarely forms as 
crystals, but when these occur they are characteristic, in 
being prismatic with rhombic cross sections. 


v Dark grey ludwigite 

in association with white 
calcite and metallic 
silver-yellow pyrite. 


LUDWIGITE 


Group: Borates 


Crystal system: Orthorhombic 
Chemical formula: (Mg,Fe);FeB0; 


Hardness: 5 
Density: 3.8-3.9 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Dark green to black 


Streak: Black to dark green 


Lustre: Vitreous to silky 


Fluorescence: None 
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M wudwigite group cm ORIGINS and DISTRIBUTION C$ 9 
© Ludwigite is one of the ludwigite group of minerals t 
e which also contains azoproite, bonnacordite, Ludwigite forms at high temperatures in contact 
gosta fredrikssonite and vosenite. These are all borates and zones of rocks that have been altered by heat o 
E variously contain iron, magnesium, nickel, titanium (thermaiiy metamorphosed rocks). It is mainly found 
Q and manganese. with tin atid iron ores. 
o A solid solution series exists, with ludwigite as one Ludwigite is rare. The most abundant sources of 
te of its end-members and vosenite as the other. Both this mineral and the other members of the ludwigite 

these minerals have a very similar chemical formula, group are found in the following locations: Rome and 

varying only in the amounts of magnesium and iron Turin (italy); Fukushima (Japan); Moravicza, Banat 

they contain. Their properties and general appearance (Romania); Suan (South Korea); and Tallgruvan 

are also similar. (Sweden). in the USA, ludwigite is found in Kern 


Vosenite has a slightly higher density at 4.8, and is County, Caiifornia, and in Willis Quadrangle, Montana. 
black in colour. Its rare crystals form as stubby prisms in Norway, iudwigite is found in magnetite skarn. 
with a diamond-shaped cross section. When broken, 
vosenite has no cleavage, which is very different 
from ludwigite' perfect cleavage. 
The two minerals often occur 
together, as in the 
Dadang tin and 
iron deposit 
in China. 


AU pe. 
SEAT TT, 


* ` 


>Y The 
photographs 
on this page 
show two 
specimens of dark 
ludwigite from Brosso 
in Ivrea (Turin, Italy). The 
light areas are composed 
of szaibelyite. borate group of minerals. Each | 
molecule contains the elements — 
magnesium, iron, boron and 
oxygen. Crystals of ludwigite 
conform to the orthorhombic 
system of symmetry in which 
three crystallographic axes are 
unequal but are all at right angles 
to each other. However, crystals 
are rare. Most specimens occur in 
. fibrous or granular masses or in 
. aggregates of tiny, needle- 
shaped (acicular) crystals. 
When ludwigite is hit with @ 
a hammer or subjected to 
pressure, it will split cleanly along 
its weakest structural plane. | 


Fibrous specimens of 

tremolite have been 

used industrially as a 
form of asbestos. 
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remolite is usually white, grey or colourless, 

although some specimens may be brown, 

green or pink. It is named after one of its 
principal sources, the Tremola Valley in St Gotthard, 
Switzerland. 


Solid solution series 

Tremolite is a member of the amphibole group of 
silicate minerals and forms a solid solution series 
with actinolite. Each member of this series is defined 
according to the amount of magnesium and iron it 


contains. The green coloration of some tremolite is 
caused by the presence of a greater than usual 
amount of iron. 


The amphibole group 

Amphibole minerals are a subgroup of the silicate 
minerals and their chemistry contains (OH). In 
some ways they are similar to the pyroxene group, 
both being silicates of various metals, but the 
pyroxenes do not have (OH) in their chemistry, 
possibly because they form at higher temperatures 


than the amphiboles. 


> This specimen of brown and white tremolite is 
composed of a large number of fibrous crystals. It 
was found in Ontario (Canada). 


FACT FILE 


TREMOLITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: Ca;(Mg,Fe),Si;0,, (0H); 
Hardness: 5-6 

Density: 2.9-3.2 

Cleavage: Good 


Fracture: Uneven to subconchoidal 


Colour: Colourless, white, grey, brown, green, pink 
Streak: White 
Lustre: Vitreous to silky 


Fluorescence: None 


Tremolite is a member of the 
amphibole group of silicate 
minerals. It is a silicate of calcium, 
magnesium and iron. It also | 
contains hydrogen and oxygen 
and is therefore a hydrous mineral. 

Crystals of tremolite 
conform to the monoclinic 
system of symmetry in which no 
crystallographic axis is the same 
length as any other. They occur in 
slender, prismatic shapes which 
are often needle-like (acicular) 
or fibrous. 

Tremolite is a moderately hard 
mineral, scoring 5-6 on the Mohs 
Scale. It weighs about three times 
more than the equivalent volume 
of water at room temperature. 


Widespread mineral 


ORIGINS and DISTRIBUTION (€ 4) 


Tremolite forms in both igneous and 
metamorphic rocks. In igneous 
rocks it occurs in those of 
ultra-basic composition, which e 
have less than 45 per cent 
total silica content. When 
dolomitic limestones (which 
contain magnesium) are ` 
metamorphosed, tremolite 
often forms as the heat and 
pressure of the metamorphic 
processes combine calcium and 
magnesium fromthe dolomite 
with silica. 

The world’s main tremolite 
deposits are found in the 
following locations: Zillertal 
(Austria); Aosta and Novara... _ 
(Italy); the Ural Mountains 
(Russia); the Tremola Valley 
(Switzerland); and Arizona, 
California and New York (USA). 


4 A crudely plaited ‘purse’ made from tremolite from 
the Hans Sloane Collection (London, England). 


Amphiboles commonly have 
a fibrous habit and tremolite 
often occurs as masses of 
very thin fibrous 
crystals which 
have little 
mechanical 
strength and 
therefore become 
flexible. It is these 
fibres which were 
used as asbestos. 
This habit is a very 
good clue to 
identification. 

Also useful for 
identification are 
tremolite’s two 
directions of 
cleavage and its fairly 
high hardness of 5—6. 
As with many ./ “a 
amphiboles, the 24417 
hardness can vary "d | 
depending on the 
direction in which it is 
scratched. On the 
prismatic crystals it tends 
to have a slightly lower 
hardness when scratched 
vertically and is harder 
when scratched across the 
width of the crystal. 


< A fibrous aggregate of 
tremolite (France). 


Tests and treatment 
Tremolite is an insoluble mineral and 
can be cleaned with dilute acids. 


GEMSTONES 


quartz 


Aventurine quartz is used to 
make a wide range of ornamental 
objects including bowls and 
vases. It is also used in jewellery. 


venturine quartz may be green, greenish grey, 
grey or brownish in colour. Because of the 
inclusion of small mica crystals the surface 
tends to shimmer — this is because mica has highly 
reflective surfaces. 
Aventurine is a form of quartz which owes its 
colours to the presence of various tiny inclusions. 
These inclusions are usually some form of mica, but 
other minerals may also be present: brown aventurine 
quartz may derive its colour from inclusions of pyrite; 
green varieties are coloured by inclusions of green 
fuchsite mica. When microscopic crystals of goethite 
are included, greenish brown colours are produced. 
Other varieties of this gemstone may contain 
inclusions of chlorite or hematite. dem - — 
A The lid of a box fashioned from a large slab of brown 
Oher aventurines aventurine quartz. The glistening inclusions are of mica. 
Aventurine quartz is similar in appearance to 
aventurine feldspar and jade, and in some cases <A detail from an aventurine quartz vase. 


CHARACTERISTICS 


Like all forms of quartz, aventurine is a member 

of the oxide group of minerals and gemstones. 
(Nevertheless, it should be noted that, because it is 
an oxide of silicon, it may also be classified as part of 
the silicate group.) 

Crystals of aventurine quartz conform to the 
trigonal system of symmetry. They often occur as 
either six-sided (hexagonal) prisms or massive 
aggregates. 

Aventurine quartz is basically white - this can be 
confirmed by the streak test. The colours we see are 
caused by various inclusions (see main text). 


GEMSTONES | 


< A polished slab of 


FACT FILE 


green aventurine ——, 


quartz from India. 
The intense green 
coloration of all the 
specimens shown 
on this page is 
caused by inclusions 
of fuchsite. 


confusion may arise. The term aventurine is not 

only used for certain varieties of the minerals quartz 

and feldspar but also for the metamorphic rock 

metaquartzite. The main feature of all these 

aventurines is their mica content, which gives 

them a greenish colour and a sparkly appearance. 
There is some disagreement among geologists as 

to whether aventurine quartz is a mineral, or whether 

it is a form of the rock metaquartzite. 


The cut 


Aventurine quartz often forms in large layers which 
are highly suitable for smoothing into decorative 
slabs and for carving into bowls and a wide range of 
ornamental objects. Smaller pieces are easy to work 
with, too: the gem is often fashioned into smooth, 
domed cabochons or used to make brooches with 
raised designs called cameos. 


History 

Although aventurine quartz has been known and 
used since ancient times — some artefacts carved in 
China and the Mediterranean region date from at 
least the 3rd century BC — the earliest scientific 


AVENTURINE QUARTZ 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 
Fracture: Conchoidal 


Y Two 
polished 
pebbles of 
aventurine 
(Brazib. 


Colour: Brown or green, greenish grey, grey 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 


treatise detailing the properties of this gemstone was 
not published until 1837. 


Tests and treatment 


Like all forms of quartz, aventurine is insoluble unless 
placed in hydrofluoric acid. 


Although the finest gem specimens are rare, 
aventurine quartz of varying quality occurs in many 
parts of the world. 

Aventurine quartz is found in all the main types of 
rock: those that originally formed through igneous 
activity deep beneath the surface of the Earth (igneous 
rocks); those that have been altered by heat and/or 
pressure (metamorphic rocks); and those that have 
been formed by weathering and erosion, transportation 
and deposition (detrital sedimentary rocks). 

The finest specimens of aventurine quartz have 
been found in the following countries: Australia, 
Brazil, Chile, China, Germany, India, Japan, Russia 
(the Ural Mountains), Spain, Tanzania and the USA 
(Rutland, Vermont). 


Many people have made important 
contributions to our knowledge and 


understanding of geology without 
themselves being practising geologists. 
Most have been scientists working in 
closely related disciplines, but some 
were knowledgeable amateurs whose 
expertise - if any - was in a completely 
different area. Here we look at a few of 
the biggest names in the field - and also 


at one of the most surprising. 


Sir Charles Lyell (1797—1875) was a Scotsman who is 
sometimes referred to as the ‘father of geology’. 

Lyell suffered throughout his life from poor 
eyesight, an affliction that grew progressively worse 
until, in old age, he became virtually blind. Although 
he studied law at Oxford University, he became 
increasingly interested in geology after attending the 
1817 lectures of William Buckland, one of the leading 


geologists of the day. 


Charles Lyell, who was knighted for his scientific work 


and buried in Westminster Abbey. 


Lyell decided to devote himself full time to the 


subject, and his textbooks soon became required 
reading for all 19th-century geologists. The first 
volume of Lyell’s Principles of Geology (1830) 


introduced a number of new terms, 
including ‘metamorphic’ to describe 
rocks whose makeup has been altered by 
heat and/or pressure. 

When Lyell began to make a study of 
the rock strata of northern Italy, he drew 
on his extensive knowledge of zoology. 
Instead of concentrating on differences in 
rock types, as most of his predecessors 
had done, he emphasised faunal 
distinctions — that is, the different types 
of fossilised animal remains found in 
each stratum. 

Among many other achievements, 
Lyell also defined four periods of rock 
formation, which are now known as 
geological epochs. 

Lyell’s work greatly influenced the 
English naturalist Charles Darwin 
(1809-1882), the author of Oz the 
Origin of Species by Means of Natural 
Selection. Lyell’s ideas about the vast 


extent of geological time prepared the way for 
Darwin's development of the theory of evolution. 


Lyell’s place in the theory of science was well 


René-Just Haüy, the 
father of crystallography. 


summarised by Darwin when he wrote: 
"The science of geology is enormously 
indebted to Lyell — more so, as I believe, 
than to any other man who ever lived.’ 


René-Just Haüy (1743-1822) was a 
French mineralogist who in 1809 
became professor at the university of 
the Sorbonne in Paris. He laid the 
foundation for the theory that 
crystals are structured according to 
mathematical principles. In 1784 he 
published an important scientific 
treatise that proposed what later 
became known as the geometrical law 
of crystallisation. This stated that all 
crystals are composed of minute, 
identical units and that different 
arrangements of these units produced 
the various types of crystals. (These 
types are now divided into the seven 
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Great geologists 


crystal systems: cubic, hexagonal, monoclinic, 
orthorhombic, tetragonal, triclinic and trigonal). 
Haüyne, a feldspathoid mineral, is named in 

his honour. 


Joseph Louis Proust (1754—1826) was a French 


chemist whose research work on many chemical 
substances demonstrated that every pure compound 
has a characteristic elemental composition. Between 
1801 and 1807, Proust became embroiled in a famous 
controversy with another Frenchman, Claude 
Bethollet, concerning the constancy of chemical 
composition. Proust’s view finally prevailed and 
became established as the law of definite proportions. 
Proustite, the mineral named after him, is a sulphide 
of the elements silver and arsenic. 


J.W. Goethe, whose quest for 
knowledge led him into many 
different fields of human 
endeavour. He achieved his 
greatest distinction as a 
dramatist, novelist and poet, 
but he was also an outstanding 
scientist and mineralogist. 


Goethite, the mineral named 
after him. 


William Hyde Wollaston (1766—1828) was an 
English scientist who first discovered the elements 
palladium and rhodium. His study of the geometrical 
arrangements of atoms led him into crystallography 
and he invented the goniometer, an instrument for 
measuring the angles of crystal faces. Among many 
other scientific achievements, Wollaston also proved 
that niobium and titanium were elements. 

The mineral wollastonite (calcium silicate) is 
named after him. 


As we have seen, some of the most important 
breakthroughs in our knowledge and understanding of 
geology have been made by people whose main area of 
expertise lay in other subjects. This in itself is not 
surprising — geology is, after all, a composite science 
that leads into, and requires knowledge of, many 

other disciplines. 

Perhaps the most unexpected name to appear on 
the geological roll of honour is that of Johann 
Wolfgang Goethe (1749—1832), the author of Faust. 
Although his present-day fame rests on his reputation 
as one of the greatest of all German writers, Goethe 
himself hoped to be remembered as a scientist as well 
as a man of letters. Biology has long acknowledged a 
great debt to him, particularly for his contribution to 
the development of the concept of morphology (the 
study of forms of organisms), which is fundamental to 
the modern theory of evolution. Goethe was also a 
keen mineralogist and assembled a large collection of 
18,000 geological specimens. These are now on view 
in Weimar, where Goethe lived for many years. 

A form of iron oxide was first named goethite in his 
honour in 1806, and was permanently established 
under that name in the year of his death. 


Halides : 


Halides are minerals in which metals combine with bromine, chlorine, fluorine or 
iodine. These elements are known as halogens, a name derived from the Greek word 
hals, meaning ‘salt’. Many halide minerals form in evaporite deposits composed of 
large quantities of salts which were originally part of a now dried-out sea. 


Subdivisions 
For classification purposes, halides are usually 
subdivided according to the particular halogen 
element they contain: thus scientists generally refer 
to bromides, chlorides, fluorides and iodides. 
Halides tend to be very soft minerals, typically 
scoring less than 5 on the Mohs Scale of hardness, 
and many of them have crystals which conform to 
the cubic system of symmetry. 
Below we describe some common and not-so- 
common halide minerals. 


Atacamite 

Green atacamite is a chloride of copper which also 
contains the hydroxyl radical (chemical formula OH) 
within its molecular structure. It is a secondary 
mineral formed by the oxidation of other copper 
minerals. It is found in some of the most arid regions 
of the world, notably in the Atacama Desert (Chile), 
from which it takes its name. Other major sources of 
this mineral occur in remote parts of South Australia 
and at Boleo (Mexico). 


Calomel 

Calomel is a very heavy 
chloride of mercury 
which forms through the 
alteration of cinnabar or 
other mercury minerals. 

It is usually found in 
association with these 
minerals or with calcite or 
limonite. Before doctors 
fully understood the 
harmful effects of 
mercury, calomel was 
employed as an internal 
medicine. Today, however, 
its industrial uses are 
restricted to fungicides 
and insecticides. The most 
important sources of this 


> Fine, needle-like 
(acicular) crystals of 
atacamite. 


mineral are at Pribram (Czech Republic), 
Moschellandsberg (Germany), Zimapán (Mexico), 
Ciudad Real (Spain) and Terlingua, Texas (USA). 


Carnallite 

This halide is a chloride of magnesium and 
potassium with six attached molecules of water of 
crystallisation. It occurs in evaporite deposits, and 
is found principally at Beienrode and Stassfurt 
(Germany), and in Spain, Tunisia and the USA. 


Cryolite 

Cryolite is a fluoride of the metallic elements 

sodium and aluminium. It was once used as a 

solvent in the process by which aluminium is 
extracted from bauxite (the principal ore of this 
valuable metal). It is now used to make insecticides 
and in the manufacture of enamels and glass. Most of 
the world’s supply of this mineral comes from Ivigtut 


(Greenland), and there are minor deposits in Spain 
and in Colorado (USA). 


Halides 


3 DISCOVERY, 


Fluorite 
Fluorite is also known as fluorspar. Each molecule 
of this common halide is made up of one atom of 
calcium and two atoms of fluorine. It has a wide range 
of industrial uses in iron smelting, ceramics and in 
optical glasses. It is also a major source of fluorine gas 
and is used in the manufacture of hydrofluoric acid. 
Some of the finest crystals are gem-quality, and one 
particular variety from Derbyshire (England), known 
as blue john, is used for vases and other forms of 
ornamentation. Fluorite is a widespread mineral and 
the following locations are among the world’s most 
productive sources: Cumbria, Derbyshire, Devon, 
Durham, Northumberland and the Peak District 
(England); Freiberg (Germany); Bolzano, Lazio and 
Tuscany (Italy); and St Gotthard (Switzerland). In the 
USA, the most important deposits of fluorite are 
found in Colorado, Illinois and New York State. 


Halite 

Halite — otherwise known as rock salt — is a 
combination of one atom of sodium with one atom 

of chlorine. It is widespread and a classic component of 
evaporite deposits — rock strata which have formed as a 
result of the evaporation of salt water in enclosed basins. < v Halite from Cosenza (Italy). 
(For more information about evaporites, 


see The Story of the Earth 67.) 


A Violet and yellow fluorite crystals from Varese (Italy). 


Halide minerals 
A checklist of some halide minerals: 


MINERAL HARDNESS CRYSTAL SYSTEM FORMULA 
atacamite 3-3% orthorhombic CU;CI(OH); 
bischofite 1-2 monoclinic MgCl,.6H,0 
calomel 1% tetragonal HgCl 
carnallite 24 orthorhombic KMgCl,.6H;0 
chiolite 37-4 tetragonal NasAl;F 44 
chlorargyrite 2% cubic AgCI 
chlorocalcite 24-3 orthorhombic KCaCl; 
chloroxiphite ^ 2X monoclinic Pb,CuCI,0,(0H), 
cotunnite 2% orthorhombic PbCl, 
cryolite 2% monoclinic N2;AIF; 
fiedlerite 34 monoclinic Pb;Cl,(OH), 
fluocerite 4-5 trigonal (Ce,La)F; 
fluorite 4 cubic CaF, 
halite 2 cubic NaCl 
laurionite 3-3% orthorhombic PbCI(OH) 
marshite 2% cubic Cul 
matlockite 24-3 tetragonal PbFCI 

Sylvite mendipite 2% orthorhombic Pb;Cl,0, 

Also known as sylvine, this chloride miersite 25 cubic * (Ag,Cu)l 

mineral is the chief source of nantokite 2h cubic CuCl 

potassium, a metallic element used penfieldite 2-3 trigonal Pb,Cl;(OH) 

in fertilisers and as a cooling agent in prosopite 45 monoclinic CaAl,(F,OH), 

nuclear reactors. Sylvite was discovered rinneite 3 trigonal K;NaFeCl, 

in 1823 on Mount Vesuvius (Italy), sellaite 5 tetragonal MOF, 

where it had formed as an encrustation sylvite 2 cubic KCI 

on volcanic lava. It is less widespread tachhydrite 2 trigonal CaMg;CI,.12H;0 

than halite, and most supplies come thomsenolite 2 monoclinic NaCaAIF,.H,O 
villiaumite 2-24 cubic NaF 


from Stassfurt (Germany) and New 
Mexico (USA). 
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Because of their hardness 
and beauty, garnet minerals 
have a wide range of uses. 
The most attractive specimens 
are used in jewellery and ornamentation, 
while poorer material may be employed 
in industry as abrasives. 


ll garnets belong to the silicate group of 
minerals. The main garnets are almandine, 
andradite, grossular, pyrope, spessartine and 
uvarovite. The chemical composition of garnets is 
extremely complicated. 
Garnets are widespread thoughout the world. They 
are very hard (scoring 6% to 74 on the Mohs Scale) and 
their crystals belong to the cubic system. 


Varieties contain different metals 
Garnets are complex silicates. Different members of 
the garnet group contain different metals, 
which include aluminium, iron, 
magnesium, calcium and 
chromium. They generally have 
a whitish streak and their 
specific gravity is in 
the range 3.5 to 4.3, 
which is slightly above 
average. Garnets are 
highly reflective and 
their vitreous lustre is 
one of the properties 


» Demantoid, the 
green variety of 
andradite. This 
specimen was 
found near 
Sondrio in Italy. 
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that make them suitable for cutting and polishing as 
gemstones. They have no cleavage. Crystallising in the 
cubic system, garnets rarely form as cubes, more often 
occurring as rhombododecahedral (twelve-sided) 
crystals. These can be up to 30cm in diameter, though 
they are usually far smaller. 

Garnets occur in a variety of rocks. Many form in 
metamorphic rocks, one of which is called garnet mica 
schist. In higher grade metamorphic rocks, schists and 
gneisses, almandine is the most common, while in 
metamorphosed limestones, andradite and grossular 
are found. Garnets are a common constituent of 
ultrabasic rocks such as eclogite. In this situation 
pyrope is commonly associated with olivine. Garnets 
also occur in certain igneous rocks, especially granites 
and pegmatite. Because garnets are resistant to erosion 
and weathering, they also occur in certain sedimentary 
rocks as detrital grains. 
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Mineral group 


Well-known garnets 
There are effecively two main garnet 
groups, one containing almandine, 
pyrope and spessartine, the other 
containing andradite, grossular and 
uvarovite. The garnets in each group 
may swap atoms with one another 
continuously, but there is no 
substitution between the groups. 


Almandine 

Almandine is made up of iron, 
aluminium, silicon and oxygen. It 
tends to be quite brittle. Its colour 
may be deep red, brownish red or 


brownish black. 


Andradite 

Andradite contains calcium, iron, 
silicon and oxygen. The most 
valuable form of this garnet is 
demantoid, which has a heightened 
green colour due to the presence of 
chromium. Among the several 
varieties of andradite are topazolite 
and melanite. 


Grossular 

Grossular is often green, but can be other colours as 
well. The reddest variety is called hessonite. Other 
colours include pink, white, yellow, colourless, brown 
and black. Grossular is made up of calcium, 
aluminium, silicon and oxygen. 


Pyrope 

The best pyrope is blood red, and gets its colour from 
the trace iron it contains. Its essential elements are the 
metals magnesium and aluminium, together with 
silicon and oxygen. 


A Crystals of melanite, the black variety of andradite. 


Spessartine 

This garnet is bright orange when it is pure, but the 
g ; g g j 

greater the iron content, the redder it becomes. It can 

also be brown. There may in addition be feather-like 

inclusions. Gem-quality spessartine is rare. All 

spessartine contains manganese, aluminium, silicon 

and oxygen. 


Uvarovite 
The bright green of uvarovite is caused by the presence 
of chromium. The other elements it contains are 
calcium, silicon and oxygen. Despite its hardness, 
uvarovite is quite fragile, and should be cut with 

Hu great care. 


Silicate group 
As will already have been noted, 
the two elements that all these 
garnets have in common are 
silicon and oxygen, and they are 
therefore all members of the 
silicate group. 

All silicates contain the silica 
molecule, which is written SiO, in 
chemical shorthand notation. 


4 (Clockwise from top left): 
Uncut almandine; uncut 

| spessartine; red spessartine cut in 
a rectangle with bevelled corners; 
pink grossular and green 
grossular, both cut in cabochons. 


The scapolite 
group consists 
of a series of 
minerals with sodium- 
rich marialite and calcium-rich 
meionite as its end members. 


capolite group minerals may be 
blue, grey, pink, purple, white, 
yellow, greenish, brownish or 
colourless. The name is taken from the 
Greek word skapos, meaning ‘rod’ or 
'shaft': this is a reference to the typical 
crystal shapes. The term ‘scapolite’ is no 
longer used as the name of an individual A A prismatic crystal of a scapolite group mineral with typical 
mineral, but as the group name. grooves (striations) along the faces (Tasmania, Australia). 


Solid solution series v Two faceted scapolite group gemstones. 
Minerals of the scapolite group are complex silicates; The yellow specimen in the drop cut (far left) weighs 
the proportions of elements they contain vary. 8.7 carats; the purple oval weighs 2.2 carats. 


g oat it 
Members of the scapolite group are 
silicate minerals. Each molecule contains 
aluminium, silicon and oxygen and may 
also contain (depending on where the 
mineral fits into the series) atoms of 
sodium, calcium, chlorine and carbon. 
Crystals of scapolite minerals 
conform to the tetragonal system 
of symmetry in which the three 
crystallographic axes are at right angles 
to each other, but only two are equal in 
. length. The crystals often form as 
prisms. Non-crystalline specimens tend 
to occur in granular or massive (of no 
particular shape) habits. 


Mineral group 


> A rectangular scapolite 
gemstone cut with 
bevelled edges. 


P» Y A scapolite 
specimen cut in a 
faceted rectangle with 
bevelled edges. 


The various 
members of the scapolite group 
make up a solid solution 
series in which 
sodium and 
calcium can 
replace each other 
in the chemical 
structure. The 
theoretic end 
members of the 
series are marialite 
and meionite. 
Marialite contains 
the elements sodium, 
aluminium, chlorine, 
silicon and oxygen. 
Meionite consists of 
calcium, aluminium, 
carbon, silicon and oxygen. 

In practice nearly all specimens 
contain a certain amount of both 
sodium and calcium, and are 
therefore somewhere between 
these two extremes. 


Group properties 
Although the members of the 
scapolite group have differing 
chemistry, they have many 
similar physical properties and 
are difficult to distinguish from 
each other. They belong to the 
tetragonal crystal system, which 
is the second most symmetrical one after the cubic 
system. Because the crystals in this system have two 
crystallographic axes of equal length and the third of 
different length (all at right angles to each other), 
they tend to make prisms and elongated ‘matchbox’ 
shapes. As well as prismatic crystals, scapolite group 
minerals occur as columnar, granular and massive 
(shapeless) specimens. 

The minerals in this group vary in their relative 
density. Mariolite has a density of 2.50 to 2.62 and 


ORIGINS and € 
DISTRIBUTION 


Scapolite group minerals 
form in rocks that have been 
altered by heat and/or 
pressure (metamorphic 
rocks). Members of the group 
are found especially in 
metamorphosed igneous 
rocks and some skarns 
(certain metamorphosed 
limestones). Scapolite 
minerals have also been- 
found in rocks ejected 
from volcanoes. = 

The following are among 
the important locations 
where scapolite group - 
minerals are found: 
Queensland (Australia); 
Ontario and Quebec (Canada); 
Pargas (Finland); Madagascar; 
Mexico; Myanmar (Burma); 
Arendal (Norway); Kamchatka 
(Russia); Kiruna (Sweden); 
and Tanzania. Other locations 
are along the shores of 
Lake Superior and in 
Pennsylvania (USA). 


4 The specks in this 
scapolite gemstone are 
mineral inclusions. 


meionite’s is 2.72 to 2.78. 
With careful weighing and 
water displacement this 
difference can be established, 
and the two minerals told 
apart. Scapolite minerals score 
5% to 6 on the Mohs Scale of 
hardness: this means that 
most specimens cannot be 
scratched by a steel point. 
Their cleavage is good and 
these minerals have an uneven 
to conchoidal fracture. 

Members of the scapolite group are brittle and so 
do not produce gemstones of any great resistance to 
everyday use, though their vitreous lustre and 
colours may be attractive. 

Although these minerals are not normally used 
as gemstones, they are sometimes fashioned in 
brilliant, cabochon, the drop and step cuts. (For a 


more detailed account of gem-cutting terms see 
Discovery 9 and 11.) 


! MINERALS 


trontianite 


Strontianite is the most important 
& industrial source of strontium, a metallic 
=" element used in red signal flares. : 
» 
Es 
trontianite is usually white but may also be pale m 
green, grey, colourless, reddish or yellowish. Both 
strontianite and strontium are named after 
Strontian, the village in Argyll, Scotland, where 
strontianite was originally found. È 
Strontium is extracted from strontianite first by a 
roasting, a process which reduces the carbonate to an ARN à 
oxide. A further chemical reaction with aluminium ii 
then removes the remaining atoms of oxygen. 


Uses of strontium EN 
Strontium is a soft metallic element: it is a good di 3 
conductor of electricity and gives offa bright red light — ^^ n 
when burned. For over a hundred years, the latter A Crystals of strontianite from Austria. 
property made strontium an important ingredient of 


pyrotechnics, especially fireworks and red distress CHARACTERISTICS 


p d Strontianite is a member of the carbonate group of 
a minerals. Each molecule is formed by a chemical 
combination of one atom of strontium, one atom of 
carbon and three atoms of oxygen. 

Crystals of strontianite conform to the 
orthorhombic system of symmetry in which all three 
crystallographic axes are unequal in length but are at 
right angles to each other. The mineral commonly 
appears in table-top (tabular) shapes, as prisms or as 
needle-like (acicular) crystals. 

Non-crystalline specimens may sometimes be 
fibrous but are usually massive (of no particular shape). 


Vili a adi 


4 Primatic cystals of strontianite from Austria. Note 
the distinctive glassy sheen (vitreous lustre). 


flares. However, strontium contains radioactive 
isotopes which make it potentially hazardous to 
humans: it is widely regarded as one of the most 
dangerous of all atomic fallout products. As a result, 
the element has largely been replaced in fireworks by 
less dangerous materials, although it is still used in 
tracer bullets. 

Among other uses, strontium is an important aid in 
the treatment of bone cancer. The heat generated by its 
radioactive decay is sometimes converted into 


MINERALS | 


electricity which lights navigation buoys, remote 
weather stations and space vehicles. 

Strontium was originally identified in 1787 by 
William Cruikshank, a Scottish scientist who was 
working on strontianite. It was finally isolated in 1808 
by the great British scientist Sir Humphrey Davy 
(1778-1829). 


Tests and treatment 

Strontianite dissolves in dilute hydrochloric acid with 

an effervescent fizz and colours an open flame crimson. 

It shows a blue fluorescence under ultraviolet light. 
Specimens should be cleaned only with distilled 

water as tap water contains impurities which may 

damage the delicate crystal surfaces. 


STRONTIANITE 


Group: Carbonates 
Crystal system: Orthorhombic 


Chemical formula: SrCO; 
Hardness: 3 

Density: 3.8 
Cleavage: Good —— e 
Fracture: Uneven to subconchoidal 


Colour: White, pale green, grey, 
colourless, reddish, yellowish 
Streak: White 

Lustre: Vitreous to resinous 


Fluorescence: Blue 


4 Prismatic, six-sided 
crystals of strontianite 
from Oberdorf an der 
Laming (Austria). 


Strontianite occurs principally in veins which 


have been altered by the action of hot water 


| (hydrothermal veins). Elsewhere, it may be found in 


hollows in limestone and marl, where it is associated 
with the minerals barite, calcite and celestine; in 
sulphide-rich veins, where it may occur in association 
with chalcopyrite, galena and sphalerite; and in 
association with other carbonate minerals, especially 
calcite and dolomite. Some strontianite has also been 
found in and around deposits that are mainly 
composed of quartz. 

Despite the wide range of locations, strontianite 
is never an abundant mineral. Some of the most 
important deposits are found 


in the following places: the 
Tyrol (Austria); Freiberg and 
Nordrhein-Westfalen 
(Germany); Varese (Italy); 
Strontian, Argyll (Scotland); 
and the Strontium Hills in 
San Bernardino County, 
California (USA). 


4 Beautiful needle-like 
(acicular) crystals of 
strontianite on a base 
(matrix) of marble 
(Carrara, Italy). 


Wurtzite is a sulphide of zinc 
and iron. It often occurs 
with the zinc sulphide 

mineral sphalerite. 


> Aradiating aggregate of 
wurtzite from Pribram 
(Czech Republic). 


urtzite is brownish black or brown in 

colour. It was first described in 1861 and 

named in honour of Adolphe Wurtz 
(1817-1884), a distinguished chemistry professor at 
the University of Paris (France). 

Wurtzite has many features which make it 
difficult to distinguish from sphalerite, a very 
common zinc sulphide mineral. Recent chemical 
analyses of wurtzite have confirmed that its true 
chemical composition is zinc and iron sulphide, 
which makes it distinctly different from sphalerite. 
(A number of references may still give the chemistry 
of wurtzite as zinc sulphide, but this is incorrect.) 

Wurtzite and sphalerite usually occur together — 
indeed wurtzite may occur within specimens of 


jeJoulu elegy - 


A Aspecimen of wurtzite 
on white marble from 
Carrara (Italy). 


WURTZITE 


Group: Sulphides 


Crystal system: Hexagonal 
Chemical formula: (Zn,Fe)S 
Hardness: 3/—4 

Density: 3.9-4.1 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Brown-black, brown 


Streak: Brown 


Lustre: Resinous 


Fluorescence: Orange 


Rare mineral 


sphalerite. The two minerals form crystals which are 
classified in different crystal systems. Wurtzite has 
crystals with the symmetry of the hexagonal system. 
These crystals are often pyramidal or prismatic, and 
they may have a six-sided outline. Sphalerite, 
however, is classified in the cubic system, and its 
crystals are often tetrahedral or octahedral in shape. 


Fluorescence 

Wurtzite is a fluorescent mineral which may emit a 
distinctive orange light of its own when it is placed 
under an ultraviolet lamp. This is an important clue 
to identification. 


v Six-sided crystals of wurtzite from Lipez (Bolivia). 


Wurtzite mainly occurs in hydrothermal mineral 
veins - fractures in the Earth's crust into which hot 
water-based fluids have risen. A wide variety of 
minerals can form from these fluids. Wurtzite is 
usually associated with sphalerite and other 
sulphide minerals. 

Wurtzite is a rare mineral, and even the largest 
deposits are comparatively small. The following are 
among the most important locations worldwide: 
Lipez and Oruro (Bolivia); Pribram (Czech Republic); 
Carrara (Italy); Quebesita (Peru); Portugal; and Butte, 
Montana and many other locations in the USA. 


Wurtzite is a member of the sulphide group of 
minerals. Each molecule is made up of one atom 
of each of the metallic elements zinc and iron, 
together with one atom of the non-metal sulphur. 
Crystals of this mineral conform to the 
hexagonal system of symmetry. They often appear 
as six-sided prisms terminated by pyramids. Many 
have a different shape at each end: the scientific 
term for this phenomenon is hemimorphism. 


4 A specimen of wurtzite from Norilsk in the Kola 
Peninsula of Siberia (Russia). 


Zincite is rich in zinc but too 

rare to be used in industry. It is 
highly prized by mineral 
collectors. 


” incite may be deep red or 
f  orange-yellow in colour. 
ALLY was first identified as a 
distinct mineral in the mid 
1840s. The name reflects the fact 
that the mineral contains zinc. 
Zincite contains manganese as 
well as zinc, and these two metals are the reason for 
its distinctive coloration. Crystals of zincite are 
relatively rare and quite often poorly formed. 


Nevertheless the brilliant colouring and scarcity 
make it a very collectable mineral. 

It is quite a dense mineral, about 5.7 times 
heavier than an equal volume of water at ordinary 


ZINCITE 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: (Zn,Mn)O 


Hardness: 4 


Density: 5.70 


Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Orange-yellow, deep red 


Streak: Orange-yellow 


Lustre: Subadamantine 


Fluorescence: None 


v Reddish zincite with 
white calcite and grey 
franklinite (Franklin, 
New Jersey, USA). 
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room temperature and pressure. Zincite is soft, and 
at point 4 on the Mohs Scale of hardness, it can be 
readily scratched by a steel knife. 


Tests 

Zincite dissolves without effervescence in dilute 
hydrochloric acid. It will not melt (is infusible) in an 
open flame. 


A > Specimens of 
orange-yellow zincite 
from the world's 
principal source of the 
mineral at Franklin, 
New Jersey (USA). In 
the 19th century, the 
mines there produced 
sufficient quantities of 
zincite to make this 
mineral an industrially 
significant ore of zinc. 
However, their supplies 
are now close to 
exhaustion and 

today zincite is 

only extracted from 
this location as a 
by-product of 

other mining. 
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CHARACTERISTICS FA 


Zincite is a member of the oxide group of minerals. 
Each molecule is made up of one atom of zinc 
combined with one atom of manganese and one 
atom of oxygen. 

Crystals of zincite conform to the trigonal 
system of symmetry. However, crystals are rare and 
most specimens are massive (of no particular shape) 
or granular. 

The sheen of zincite crystals is similar to, but 
slightly less intense than, that of diamond: this is 
called subadamantine lustre. 


ORIGINS and DISTRIBUTION 


Zincite occurs in rocks that have been altered by 
extreme heat (contact metamorphic rocks). It is found 
in association with calcite, willemite and franklinite. 

The world's main zincite deposits are at Franklin 
Furnace and Sterling Hill in Sussex County, New Jersey 
(USA). Elsewhere, small quantities are found in 
Australia, Italy, Poland and Spain. 


Geochemistry is the 
branch of geology 
that investigates 
the chemistry of 
the Earth. This 
includes the 
distribution and 
amount of different 
elements in the 
rocks, soil, water 
and atmosphere. 


The mineral content of 
the rocks that make up 
the Earth's crust has been 
understood for many 
years but it is only much 
more recently that their 
chemistry has been known 
in considerable detail. 
This has been made 
possible because of a range 
of geochemical analysis 
techniques that were 
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developed during the A scientist studies data from an atomic absorption spectrometer, which analyses 
late 20th century. the amounts of trace elements in rocks. 


One such technique is that of analysing a It is estimated that only two elements make up over 
powdered rock sample with absorption and emission 99 per cent of matter in the universe. These elements 
spectrometry, which allows the atomic composition of are hydrogen (91.7 per cent) and helium (7.2 per 
the sample to be investigated. The method is based on cent). The other elements, such as oxygen, iron and 


using a high temperature flame which causes certain silicon, which make up much of the Earth, account 
atoms to be excited, emitting characteristic colours. for only about 1 per cent of matter. The Earth's crust is 
Atomic absorption spectroscopy is another similar chemically very different from its mantle and core. The 


technique which is used to 
analyse trace amounts of 
elements in rock samples. 
X-ray fluorescence 
spectroscopy is another 
technique which 
bombards a rock sample 
with X-rays. These X-rays 
cause the atoms in the 
sample to vibrate, and 
characteristic fluorescent 
wavelengths are produced 
by different atoms. 


crust has been found to 
be composed mainly of 
lower density silicate 
material, rich in silicon 
and oxygen. 

The mantle of the 
Earth — the layer between 


A specimen of granite, 
which is a low density 
igneous rock that is typical 
of the chemical make-up of 
much of the Earth's crust. 


Geochemistry 


the crust and the core — also has a high 
silicate content, probably composed of 
material left over from a molten state. The 
silicates in the mantle are mainly those of 
calcium, magnesium and iron. 

The core is the densest region of the 
Earth and its chemistry is probably less 
complex than that of the crust and mantle. 
It consists mainly of iron and nickel. 

The chemical elements in the Earth 
follow a cycle, decribed below. These 
elements are separated from one another 
and re-combined during this cycle. 

During the crystallisation of magma, 
elements are separated by the processes of 
differentiation. These processes create the 
variety of igneous rocks, all with their 
specific chemical compositions. The 
chemistry of these rocks may subsequently 
be changed by the processes of weathering 
and metamorphism. Elements released by 
these processes can go into solution and 
combine to form new minerals and rocks. 


Using various techniques, geochemists can 
discover the amount of main and trace 
elements in rock, soil and water. This work 
can lead to the discovery of new mineral 
deposits and help establish the reasons for 
low crop yields and pollution. 

Sampling may be from rocks exposed at 
the surface. This often does not give good 
results when there are local variations in 
these rocks. Samples taken from streams 
running through the area are generally far 
more useful as small local variations do not 
colour the sample. Metals such as copper, 
chromium, iron, lead, uranium and zinc 
can be detected in analysed water samples. 

Some elements and minerals may 
provide good clues as to useful mineral 
occurrence. When concentrations of 
arsenic are found in water samples, this can 
indicate the presence of metallic sulphide 
veins of, for example, sphalerite, upstream. 
Prospectors for diamonds may not initially 
look for diamonds in stream samples as 
they are so rare. The garnet mineral, 
pyrope, which is quite common, very 
often occurs in kimberlite rock in which 
diamonds are found. Pyrope may therefore 
be a good clue to the presence of diamonds. 


Metal ores such as galena, chalcopyrite 
and sphalerite, all shown here from top to 
bottom, can be detected by geochemical 
prospecting, especially by stream and 
river sampling. 


Oxides 


DISCOVERY 


SapIXO 


Oxide minerals are made up of metals and semi-metals in combination with oxygen. 
In oxides, oxygen occurs as a simple element uncombined with 
any others, whereas the oxygen in other mineral groups is part of a 
molecule that also contains other elements. 


There are two broad categories of oxide minerals: 
simple oxides and multiple oxides. 

Simple oxides consist of one metal or semi-metal 
combined with oxygen. The general formula for these 
materials is A,O,, in which ‘A’ is the metal or semi- 
metal. Examples include periclase (chemical formula 
MgO), hematite (Fe,O;) and uraninite (UO). 

Complex oxides have a different chemistry. They 
often occur in solid solution series with extensive 


substitution between the components of each mineral. 


The best-known examples are the minerals belonging 
to the spinel group: these have the general formula 
AB,O,; spinel itself, for example, has the chemical 
formula MgALO,. 


The following are some of the best-known and most 
important oxide minerals. 


Anatase 

Anatase, brookite and rutile are three chemically 
identical minerals composed of titanium dioxide. In 
scientific terms, they are described as polymorphs. 
They are classified as separate minerals because they 
have different characteristics. The best deposits of 
anatase are found in Bahia and Minas Gerais (Brazil). 


Cassiterite 
Cassiterite is the major ore of tin. There are 
large deposits of it in Cornwall 


Chromite 

This mineral belongs to the spinel group. It is the 
chief commercial source of chromium, an important 
metal in electroplating and stainless steel. The main 


chromite-producing nations are India, the Philippines, 
Russia, South Africa, USA and Zimbabwe. 


Chrysoberyl 

Chrysoberyl is one of the Earth's hardest minerals, 
scoring 8/ on the Mohs Scale of hardness. It is used 
rarely in industry but widely in jewellery and other 
forms of ornamentation. One variety, alexandrite, 
changes colour from green in daylight to red when 
viewed under artificial light. 


Columbite 

Columbite is a moderately hard and fairly heavy oxide 
which often occurs in association with tantalite. The 
two minerals are mined for their niobium and 
tantalum, two metallic elements which are important 
constituents of corrosion-resistant alloys. The world's 
principal deposits are found in Western Australia, 


Madagascar and in South Dakota, USA. 


Corundum 

Next to diamond, corundum (aluminium oxide) is 
the world's hardest naturally occurring substance. Two 
varieties — ruby and sapphire — are highly valued as 


(England), but the mines there are 
now idle because the metal can be 
extracted more cheaply from veins 
in Bolivia, China, Indonesia, 
Malaysia, Nigeria, Thailand and 
Democratic Republic of the Congo. 


Chalcedony 

Chalcedony is a microcrystalline 
variety of quartz. It is very popular 
with gem engravers, and coloured 
varieties are cut and polished 
ornamentally. 


> Four faceted rubies, a variety of 
corundum. This type of corundum 
is coloured by chromium and iron. 


Oxides 


> Sapphire, a variety of 
corundum which owes its 
blue tones to the presence 
of iron and titanium. 


gemstones, while less 
desirable specimens are 

used as abrasives and in the 
moving parts of high-quality 
clocks and watches. The colours in 
corundum are caused by metallic impurities: the 
greater the concentration, the deeper the colour. 
There are large deposits of corundum in Canada, 
India, Madagascar, Myanmar (Burma), Russia, South 


Africa, Sri Lanka, Thailand and the USA. 


Cuprite 

Cuprite is an ore of copper and is mined extensively 
in many parts of the world, notably in Broken Hill, 
New South Wales (Australia), Chessy (France), 
Tsumeb (Namibia) and Arizona (USA). 


4 This fine crystal 
of hematite 

(iron oxide) was 
mined at Kuruman 
(South Africa). 


Major oxides 


anatase 

brookite 

cassiterite 

chalcedony 
Hematite chromite 
Hematite is an abundant iron- chrysoberyl 
bearing oxide mineral. It is columbite 
important industrially because corundum 
specimens typically contain as cuprite 
much as 70 per cent iron by franküinite 
weight. The world's largest e hauemanniite 
deposit, around Lake Superior in nomate 
the USA, yields about 75 million lineta 
tonnes of iron annually. Iithar 

ge 
IImenite maona 
Ilmenite is a major source of massicor 
J : 

titanium, a metal which is used per 
in a large number of strong, pere 
light, corrosion-resistant alloys pyrolusite 
for aircraft and ships. It also quartz 
contains iron. One of the main rutile 
sources is the Ilmen mountain spinel 
range in Russia, from which it tenorite 
takes its name. Other deposits uraninite 
are found in Canada, Norway zincite 


and the USA. 


A checklist of some of the most 
widespread oxide minerals: 


Magnetite 

Like hematite, magnetite is a major industrial source 
of iron. It is a member of the spinel group and is 
closely related in solid solution series to the minerals 
franklinite, jacobsite, chromite and trevorite. Major 
deposits occur in Austria, Brazil, Germany, Russia, 


Sweden, Switzerland and the USA. 


A Crystals of cuprite in a geode from Mupiné, 
Shaba Province (Democratic Republic of the 
Congo). This mineral is a source of copper. 


Pyrolusite 

Pyrolusite is a fairly common 
oxide of manganese. It is an 
important ore of this metal, 
which has a wide range of 
industrial uses, especially in 


TiO, steel and ferromagnetic alloys. 
TiO, The chief locations where 
sno, pyrolusite is found are Brazil, 
SiO, Cuba, Germany, Ghana, 
FeCr,0, India, Morocco, Russia and 
BeALO, the USA. 
(Fe,Mn)(Nb,Ta),0, 
Al,O; Quartz 
CU,O Quartz occurs in many 
Zn(Mn,Fe),0, igneous, metamorphic and 
MnO, sedimentary rocks and has a 
Fe.0 wide range of industrial uses. 
nena It is highly resistant to heat, so 
: some forms are used in the 
PbO i : 
bricks that line furnaces. It 
Fe;0, à : 
also has versatile optical 
PbO : : : 
Sul properties, which make it an 
g- important constituent of glass 
Pu and lenses. 
MnO, 
SI. Spinel 
TiO, Spinel is an oxide of 
MgALO, magnesium and aluminium. 
CuO 


Other members of the spinel 
UO, group — for example, chromite 
ZnO and magnetite — may contain 
other metallic elements. 


4 Beryl 
| with this issue 


Kernite — a rare 
borate mineral 


Tantalite — industrial 
ore of tantalum 
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many gemstone » 
varieties, beryl also 
contains a lightweight 
metal that is used in the 
nuclear and aeronautical industries. 


he mineral beryl is very hard and fairly light, 
and it occurs in a range of different colours, 
which makes it popular as a gemstone. The 

precious varieties of beryl are the green emerald, the 


yellow-coloured heliodor, the pink morganite and 
the blue-green aquamarine. Beryl also contains a 
corrosion-resistant metal called beryllium, which is 
used by the nuclear and aeronautical industries. 


Industrial uses 

Beryl is the main source of beryllium. This very light, 
corrosion-resistant metal is used in high resistance 
alloys in the nuclear and aeronautical industries, as 
well as for X-ray windows. Beryllium salts are also 
used in fluorescent lights and in the tubes through 
which X-rays are passed. 


Silicate minerals 

Beryl is a silicate. Silicates are the largest and most 
abundant mineral group in the Earth's crust. They 
are the main rock-forming minerals. Many of them 
crystallise directly from magma and create the 
igneous rocks. 
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BERYL 


Group: Silicates 


Crystal system: Trigonal 


Chemical formula: Be;Al;Si;0;; 
Hardness: 7/-8 

Density: 2.6-2.9 

Cleavage: Indistinct 


Fracture: Uneven to conchoidal 


Colour: Colourless, white, green, yellow, blue, pink, red 
Streak: White 
Lustre: Vitreous 


Fluorescence: Sometimes blue or lilac 


A A crystal of rare red beryl from Utah, USA. 


A Beryl crystals with pointed ends from Brazil. 
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Widespread mineral 


A Crystals of aquamarine, a variety of beryl, from 
Santa Rita, Minas Gerais state, Brazil. 


The feldspar group contains the commonest 
silicates. Other important silicates include the 
amphiboles, pyroxenes and micas. Silicates such as 
beryl form from hot fluids which are often left over 
after magma has cooled and solidified. These high 


temperature fluids are mainly water. 


Famous examples 

Beryl can be found as very large specimens. The 
biggest piece of beryl ever found was in Madagascar. 
It is 18 metres long, 3.5 metres in diameter and 
weighs nearly 4 tonnes. A specimen 10 metres long 


and nearly 2 metres in diameter was found in 1950 
in Maine, USA. 


Testing for beryl 
Small beryl crystals can often resemble the mineral 
apatite in appearance. In cases of difficulty, this 
mineral can be distinguished from beryl by referring 
to the Mohs Scale of hardness — beryl is much 
harder than apatite. 

It is very difficult to melt beryl — the most that 
can be achieved by heating the mineral is a slight 
rounding of the outer edges. 


MINERALS 


est win Petpet iari { 
Beryl is a member of the silicates group. It contains 
the metals aluminium and beryllium. 

The mineral is moderately light and very hard - it 
cannot be scratched with a penknife. Its crystals are 
trigonal, usually prismatic, and can be enormous. 
They often have parallel grooves, called striations, 
running along their length. 

Beryl may be green (emerald), golden yellow 
(heliodor), light blue to green (aquamarine), pink 
(morganite), colourless (goshenite) or red (bixbite). 

When it occurs in mica schists, beryl is associated 
with the minerals chrysoberyl, phenakite and rutile. 
Isolated beryl crystals usually have pointed ends, 
although morganite tends to end in squat prisms. 


Two examples of Brazilian gem-quality cut beryl: 


<A golden beryl 
gemstone cut in 
a drop shape, 


> A 19-carat 
salmon beryl, 
fashioned 

in an octagonal 
step cut. 


Beryl, in its various forms, is a very widespread 
mineral. 


It Occurs in pegmatites - rocks that were originally 


created by igneous activity - and in hydrothermal 
veins, which were formed at high temperatures by 
the action of water. In hydrothermal veins, beryl is 
the result of the crystallisation of residual fluids 
that were left over after the formation of the 


pegmatite rocks. 
It is commonly associated with quartz and other 


minerals such as tourmaline, feldspar and mica. It is 
less commonly found in metamorphosed limestone 
and in mica schists. ) 
Beryl is found in Brazil, Colombia, India, 
Madagascar, Namibia, Pakistan, South Africa and 
Zimbabwe. The rare red beryl is found in the Thomas 
and Wan Wah mountain ranges in Utah, USA. — 


Cuspidine 


eae. cuspidine is a 


very rare mineral 
with distinctive 
spear-shaped crystals. 


uspidine may be white, grey, greenish or rose- A White crystals of cuspidine from Monte Somma, 
red. It was first identified in 1876 and takes its part of Mount Vesuvius (Italy). 
name from cuspis, the Latin for ‘spear’: this is a 
reference to its characteristically pointed crystal shapes. ^ subsequently been found in other parts of the world as 
Cuspidine was originally discovered on Monte well, specimens from this location are used as the 
Somma, a high, semi-circular ridge about halfway up standard with which other finds are compared: Mount 
Mount Vesuvius near Naples in Italy. Although it has Vesuvius is thus said to be the type locality. 


Cuspidine is a member of the 

silicate group of minerals. Each 

| molecule contains the metallic 

element calcium, the non-metals 

silicon, oxygen and fluorine, 

together with the hydroxyl 

radical (chemical formula OH). 
Crystals of cuspidine 

conform to the monoclinic 

| system of symmetry in which no 

| crystallographic axis is the same 

| length as any other. They have 

spear-like shapes. Non-crystalline 

specimens of this mineral are 

usually granular masses. 

002! ——————————— — 


4 Spear-shaped crystals of 
cuspidine surrounded by 
orange crystals of idocrase 
(Monte Somma, Italy). 


Rare mineral 


FACT FILE 


CUSPIDINE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: Ca,Si;0;(F,OH); 
Hardness: 5-6 

Density: 2.8-3.0 

Cleavage: Distinct 


Fracture: Uneven 


Colour: White, grey, greenish, rose-red 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


Identification 

Cuspidine is a moderately hard mineral which 
measures 5 to 6 on the Mohs Scale of hardness. It 
cannot be scratched by a coin and is only just marked 
with a knife blade. 

Its density of 2.8 to 3.0 is slightly above average, 
but only very accurate weighing and calculations 
would show this; a specimen in the hand will not feel 
heavier than average. One of the best ways to identify 
cuspidine is by its crystal shape, the pointed crystals 
being very typical. 


Treatment 

Cuspidine should be cleaned carefully with distilled 
water: ordinary tap water contains impurities which 
may harm the delicate crystal surfaces of the mineral. 


4 Y The photographs 
on this page show 
further specimens of 
cuspidine on idocrase 
from Mount Vesuvius 
(Italy). 


Cuspidine is a raremineral formed through the 
alteration of areas of limestone by heat and pressure 
(contact metamorphism). 

Mount Vesuvius remains the world's principal 
source of this mineral. Elsewhere, deposits have 
been found at Hatrurim (Israel) and at Ariccia (Italy). 
In the USA, cuspidine occurs at the following 
locations: Crestmore, Riverside County (California); 
the Empire Mine, Custer County (Idaho); and Franklin 
(New Jersey). 
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ernite 


Despite its rarity, kernite 

was formerly one of the 

main industrial sources 
of boron. 


resh kernite is colourless but soon 
F turns to white on exposure to air. 

It is named after Kern County in 
California (USA), where it was originally 
identified. It was confirmed as a distinct 
mineral in 1927. 

Kernite — which was sometimes 
known by the alternative name rasorite — 
often forms as enormous crystals, many 
of which reach up to 90cm across. The 
largest crystal of kernite ever discovered 
measured 240cm x 90cm. 


Surface alteration 

Although kernite is basically a colourless, 
transparent mineral, specimens turn 
white on exposure to air — this is 

because the surface has been altered 

to tincalconite (a hydrated mineral 
composed of sodium borate). 


> This crystal of kernite has turned 
almost entirely white through exposure 
to the air (Kern County, California, USA). 


CHARACTERISTICS 


Kernite is a member of the borate group 
of minerals. Each molecule contains the 
elements sodium, boron, oxygen and 
hydrogen. It is hydrated by three 
attached molecules of water of 
crystallisation. 

Crystals of kernite conform to the 
monoclinic system of symmetry in which 
no crystallographic axis is the same 
length as any other. Crystals are in fact 
rare, but those that do exist typically 
appear as prisms; some are very large. 

When crystals of kernite are hit with a 

A Kernite in its fresh, transparent, hammer or subjected to pressure, they split cleanly 
colourless form (Kern County, along their weakest planes: in scientific terms, this 
California, USA). mineral is said to display perfect cleavage. 
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Rare mineral 


A. A fresh, colourless, transparent crystal of kernite (Kern County, California, USA). 


Uses of boron compounds 

Kernite was formerly the principal source 

of boron, but it has now been supplanted by 
colemanite and borax. Boron compounds have 

a wide range of uses, notably in the manufacture 
of glazes for ceramics and glass, as a solvent for 
oxidised slag metal and as a flux in soldering and 
welding. It is also used as a fertiliser additive, a 
disinfectant and a mouthwash. 


Treatment 

Kernite specimens should be kept in sealed 
containers to prevent them from being altered by 
oxygen in the air. 


> Kernite 
with a white 
surface layer 
of tincalconite 
(Kern County, 
California, 
USA). 
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KERNITE 


Group: Borates 


Crystals: Monoclinic 

Chemical Formula: Na;B,04(0H);.3H;0 
Hardness: 2/—3 

Density: 1.90-1.93 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: None 


ORIGINS and 
DISTRIBUTION 


Kernite forms in evaporite 
deposits in association with other 


borate minerals, especially ulexite. 


The classic location of kernite 
is at Tincalayu (Argentina), and 
it is against specimens from 
the deposit there that the 
authenticity of all other kernite 
material is measured: Tincalayu is 
thus said to be the type locality 
of this mineral. 

The world's other main kernite 
deposits are found in the region 
between Salta and Catamarca 
(Argentina) and in California (USA), 
especially in the Kramer District 
near Boron in Kern County. 


Tantalite is the main 
industrial ore 

of the metallic 
element tantalum. 


Lao 


'antalite is a black or brown 
mineral. Like tantalum, it is 
named after Tantalus, the 

mythological Greek king who was 
punished in the Underworld for 
his misdeeds by being stood up to 
his neck in water, which flowed 
away from him every time 

he tried to drink it. The 
connection is that neither 

the mineral nor the metal 


will absorb (‘drink’) acid. 


Solid solution series 
Tantalite forms a solid solution series 
with columbite. The former contains the 

highest concentration of tantalum, but this is 


crystal of tantalite 
(Brazib. TANTALITE 


Group: Oxides 


Crystal system: Orthorhombic 
Chemical formula: (Fe,Mn)(Ta,Nb);0s 
Hardness: 6-67 

Density: 8.2 

Cleavage: Distinct 


Fracture: Uneven to subconchoidal 


Colour: Black or dark brown 


4 Black tantalite Streak: Brown 
in association with Lustre: Submetallic 
amazonite Fluorescence: None 


(Colorado, USA). 


gradually replaced throughout the series by increasing 
quantities of another metallic element, niobium. 


Extracting tantalum 

Metallic tantalum is extracted from tantalite by 
dissolving the mineral ore in hydrofluoric acid, 
separating the niobium fluoride and then reducing the 
leftover tantalum fluoride with the aid of sodium. 
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Industrial mineral 
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Tantalite is a member of the oxide group 
of minerals. Each molecule contains the 
chemical elements iron, manganese, 
tantalum, niobium and oxygen. 

Crystals of tantalite conform to the 
orthorhombic system of symmetry in 
which the three crystallographic axes 
are unequal in length but are all at right 
angles to each other. The crystals are 
usually tabular or prismatic in shape and 
may grow together in the phenomenon 
known as twinning. 


other mineral in the solid solution series 
of which it is an end member. 


j 


> A crystal of tantalite embedded in a base 
(matrix) of globular masses of mica (Brazil). 


Tantalum was identified as a 
chemical element in 1802 and first 
isolated in 1820 by the Swedish chemist 
Jöns Jakob Berzelius (1779—1848). It is 
now used in a range of electronic 
components and is combined with 
other metals to form alloys. It is 
extremely unreactive, and this makes it 
suitable for use in the surgical pins that 
join broken bones. 


Y A black crystal of tantalite on amazonite 


(Colorado, USA). 


Pure tantalite is much denser than any 


ORIGINS and DISTRIBUTION 


Tantalite is found in rocks that originally formed through igneous 
activity deep beneath the surface of the Earth (igneous rocks). It 
mainly occurs in granite pegmatites in association with quartz, 
spodumene and other minerals. 

Tantalite was first observed in Sweden, and there are still 
major deposits at Falun and Utó in that country. The other main 


‘deposits of this valuable mineral are found in the following 


countries: Brazil, Canada, Finland, France, Russia and Zimbabwe. 
In the USA, there are tantalite mines in California, Colorado, South 


Dakota and Wyoming. 


Variant forms 

In addition to tantalum and niobium, 
tantalite also contains iron and 
manganese. The exact proportions of 
each of these metals may vary from 
specimen to specimen: examples with a 
higher concentration of iron are known 
as ferrotantalite, while those in which 
manganese is the more abundant are 
called manganotantalite. When this 
distinction is not made, it is usually 
taken to imply a preponderance of iron. 


Treatment 
Impurities on the surface of tantalite 
crystals may be removed with dilute acid. 


Acids must be handled 
with great care and should 
never be used by children without 
adult supervision. 


Limestone is a sedimentary rock that 
contains a high percentage of calcium 
carbonate. This can be in the form of 
the minerals calcite or aragonite. Some 
limestone, called dolomite or dolostone, 
contains the mineral dolomite, a 
carbonate of calcium and magnesium. 


imestone is usually a pale grey or brown rock. 

Yellow or red limestones are coloured by small 

amounts of limonite or hematite. Chalk, a very 
pure limestone, is white in colour. Most limestones 
are marine sedimentary rocks, though there are some 
freshwater limestones. Many limestones contain fossils 
of a wide variety of creatures and plants. 


Organic limestones are composed of the remains of 
animals and plants that secreted calcium carbonate 
when alive. These limestones are thus made of fossil 
material cemented by lime mud, and complete fossils 
of corals or shellfish can be found in them. Organic 
limestones are classified and named according to their 
main organic content. Shelly limestones are made of 
the broken remains of molluscs and other shellfish; 
crinoidal limestones consist of fragments of crinoid 


Mountains of limestone in the Italian Dolomite range. 
The highest peak shown is 2999m. 


Pea-sized grains of pisolitic limestone from Karklovy 
Vary (Czech Republic). 


stems; coral limestones contain corals, often in their life 
position, surrounded by hardened lime mud. Chalk 

is an organic limestone composed of countless 
microfossils of foraminiferans and coccoliths. 


Detrital limestones are composed of fragments broken 
off pre-formed limestones or of calcium carbonate 
fragments of organic origin. They vary in grain size 
from lime mud to coarser-grained rocks. The organic 
matter in these rocks is generally far less obvious and so 
they can be distinguished from the organic limestones. 
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Limestone 


The upward-growing structures in this specimen of 
so-called Cotham marble are the remains of algae.They 
are surrounded by very fine-grained limestone. 


This red limestone from Hunstanton, Norfolk 
(England), is coloured by hematite (iron oxide) 
which coats the grains. 


The best known chemically formed limestone is oolite. 
This rock consists of small (2mm or so) spherical 
grains cemented by calcium carbonate. Often these 
rocks have sedimentary structures such as cross 
bedding, and they can be very fossiliferous. The small 
rounded grains are called ooliths, from the Greek word 
oion, meaning ‘egg’. When examined in detail they are 
seen to be built up of concentric layers, often with a 
sand grain or small shell fragment in the centre. Today 
oolitic sands are forming in the warm, shallow waters 
of the Bahaman Banks and it is thought that warm 
agitated sea water is the ideal situation for the 
precipitation of calcite in concentric layers. 

Pisolitic limestone is like oolite, but has pea-sized 
grains. Dolomite is a chemically formed limestone, 
containing carbonate of calcium and magnesium. 
Much dolomite is probably formed by a reaction 
between limestone and sea water, in which calcium is 
replaced by magnesium. 


Limestone, which is largely made up of calcite, is 
very susceptible to chemical weathering. Rain water is 
naturally a weak acid — carbonic acid — and due to 
man-made pollution there are now far stronger acids 
in the rain. 

Calcite (calcium carbonate) is altered to calcium 
bicarbonate by reaction with rain water. Calcium 


bicarbonate is soluble in water and removed in streams 
and rivers, thus weathering the limestone. 

Many limestones are either porous or permeable, 
and surface water can be rare in limestone areas. As 
water runs underground through the joint systems in 
the rock, the rock is removed by weathering and the 
joints are enlarged. Caves and pot holes form in this 
way. Limestone landscapes often contain much bare 
rock because the lack of surface water prevents soil 
development and the growth of plants. 


Limestone is one of the main raw materials in cement. 
It has also been used in agriculture for many years as a 
source of lime. It is an important building stone and is 
used for road and rail ballast. Many hydrothermal 
mineral veins, rich in metalliferous ores, are found in 
limestone and some are reservoirs of oil and gas. 
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ə Oxides and hydroxides I 


As we have seen in Discovery 79, all oxides are made up of elements combined with 
oxygen. For example, the common oxide mineral magnetite is composed of iron 
combined with oxygen. Hydroxides are compounds of metallic elements combined 
with the hydroxyl radical (OH). They usually form when a reaction takes place 
between an oxide and water. 


xides are often dense and 
hard, and many of them are 
important ores of metals. 


Among the hardest is corundum 
(scoring 9 on the Mohs Scale of 
hardness) of which sapphire and 
ruby are prized coloured varieties. 
Hydroxides are usually of low 
hardness, and some are ores of metals. 


Here we look at some more oxides and 
some common hydroxides. 


Brucite 
[3 Brucite is a hydroxide that contains magnesium, 
oxygen and hydrogen. It can be white, grey, pale 
green, blue, yellow or brown. Marble is often 
patterned with green or 
blue patches of brucite. 
Brucite is found in 
many different locations 
in association with other 
magnesium minerals, 
including dolomite and 
magnesite. It occurs in 
Italy, Russia, Sweden and 
Pennsylvania (USA). 


A A mineral specimen seen 
under ultraviolet light. The 
pink areas are calcite; green is 
willemite; blue is zincite; and 
black is franklinite. 


Diaspore 

Diaspore is a hydroxide of 
aluminium. It may be white, 
colourless, pink, red, brown, 
green, lilac or yellow. It is found in emery 
(where it is associated with corundum), in 
bauxite and in aluminium-bearing clays. 


Important deposits are found in France, 
Hungary, South Africa and the USA. 


> Transparent crystals 
of brucite. 


Franklinite 

A member of the spinel group, franklinite 

is an oxide of zinc, manganese and iron. It is 
found in — and named after — the Borough of 


Franklin, New Jersey (USA). 


< A specimen of diaspore, 
which has a vitreous 
(glassy) lustre. 
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Oxides and hydroxides | 


Gibbsite 

Gibbsite is a hydroxide. It is a 
white, grey, greenish or reddish 
mineral, which is made up of 
aluminium, oxygen and 
hydrogen. It is an important 
constituent of bauxite ore. 
Gibbsite is found in Brazil, 
Guyana, India, Jamaica and 
Surinam. 


Manganite 

Manganite is a hydroxide of 
manganese. It normally occurs 

as bundles of dark grey or black 
crystals. The countries where it is 
found include France, Germany 


and the USA. 


Perovskite 

Perovskite is an oxide of calcium 
and titanium. Its crystals are 
classified in the orthorhombic 
system and sometimes resemble 
cubes, though the mineral 
commonly occurs in a reniform 
(kidney-shaped) habit. It can be 
a variety of colours, including 
black, brown and yellow. The 
mineral occurs in metamorphic 
and igneous rocks, and is found 


in Italy, Russia, Switzerland, the 
USA and elsewhere. 


Pyrochlore 

Pyrochlore is a complicated 
hydroxide mineral composed 

of sodium, calcium, niobium, 
uranium, tantalum, titanium and 
fluorine. Pyrochlore is found in 
France, Germany, Greenland, 
Italy, Norway, Sweden, Tanzania, 
the USA and elsewhere. 


Romanechite 


Romanechite is a hydroxide of barium and 
manganese. It is a black secondary mineral, forming 
through the alteration of manganese carbonate or 
manganese silicate minerals. It is found in 
Belgium, England, France, Germany, India, 


Scotland, Sweden and the USA. 


Tenorite 


Tenorite is a simple copper oxide 


(formula CuO). Its crystals are long, 
thin and striated (grooved), but are rare, 
the mineral occurring more frequently 
as massive specimens (of no particular 
shape) or as powdery coatings. Tenorite is 


A Stalactitic gibbsite from Richmond, 
Massachusetts (USA). 


black or grey, with a metallic 
lustre. It is found in many 
localities in the USA and also 
in Bolivia, China, England, 
France, Germany, Italy, 
Tsumeb (Namibia), Scotland, 
Spain, Russia and elsewhere. 


Uraninite 

Uraninite is an oxide and is 
the chief industrial source of 
uranium. It is black or brown 
and its crystals are commonly 
cubic. Deposits are found in 
Australia, Canada, the Czech 
Republic, the Democratic 
Republic of the Congo, 
Germany and the USA. 
Massive uraninite is known 
as pitchblende. 


Zincite 

Zincite is an oxide of zinc and 
manganese, with the formula 
(Zn,Mn)O. It sometimes 
forms as pyramid-shaped 
crystals, but these are rare: 
specimens are usually massive 
or granular. The finest 
specimens from Franklin, 
New Jersey (USA), are prized 
by collectors. 


4 Romanechite from the 
manganese mine at Monkstone, 
Brent Tor, Devon (England). 


v Aspecimen of zincite. Its 
distinctive red colouring is 
caused by the manganese 
it contains. 
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The Russian Federation, as Russia has been officially 

called since the demise of the communist Soviet Union 

(USSR) in 1991, is the largest country in the world and 

also contains the world's largest variety of minerals. 

It comprises 17,075,400 sq. km, which is over one-ninth 

of the world's total land area. The country also spans 

two continents, Europe and Asia, and borders more countries than any other nation. 


European region to the west of the Ural the east, the Central Siberian Platform, with its 
Mountains; Siberia, which extends from the sedimentary rocks and volcanic lavas, is also rich in 
Urals almost to the Pacific Ocean; and the Russian Far mineral deposits. 
East which stretches to the coastal fringe of the Pacific. Iron ore deposits, which produced 12 million 
In the last two named regions at least, Russia's varied tonnes in 1990, are located mostly in the Kursk 
geological structures have combined to produce some Magnetic Anomaly between Moscow and Ukraine. 
of the richest sources of minerals in the world. Manganese deposits are scattered in the Urals, western 
Siberia and Far Eastern Russia. Several other important 
Vast mineral reserves metal ores are found in abundance, including nickel 
The Ural Mountains, to the west, are important for a (127,000 tonnes were mined in 1990), tungsten, 
wide variety of mineral resources. These include iron cobalt and molybdenum. 


Rz consists of three main regions — the ore, copper, bauxite, platinum, silver and gold. In 


<A view over Lake Baikal 
in Siberia. 


Kuznetsk Coal Basin o 
The Kuznetsk Coal Basin is an 

area of about 25,900 sq. km 

which lies 2000km east of the 

Urals. Since the 1930s, this 


region has grown into one 
i: g 


of Russia’s most important 
manufacturing centres, a 
development which owes much 
to the rich coal-mining area 
located both there and between 
the neighbouring Altay Range 
and the Salair Ridge. 


Petroleum and gas 
Petroleum deposits are found 
in western Siberia, in the 
Volga-Ural region, in the north 
Caucasus and in the northern 
part of Sakhalin Island. Russia 
holds about 10 per cent of the 
world’s known oil reserves. 
Natural gas deposits are found 


Other metal ores are 
found in considerable 
quantities, although the 
bauxite reserves in the 
Urals, northwest Russia 
near St Petersburg and 
southeastern Siberia have 
now been depleted. Some 
168,000 tonnes of copper 


were mined in 1990 in the A The frozen Sea of Japan at Vladivostok. along the Arctic coast of 
Urals, in Siberia, on the Siberia and in the north 
Kola Peninsula and near > Y A typical steel works in western Russia. Caucasus region. o 


Lake Baikal. 


Valuable minerals 

Lead and zinc ores are to be found together with 
copper, gold and silver in the northern Caucasus, 
Far Eastern Russia and in the Kuznetsk Coal Basin. 
Large gold reserves are mined in Far Eastern Russia, 
eastern Siberia in the valley of the Lena River, and 
in the Urals. Mercury deposits are found in the 
Chukchi Autonomous Okrug (national area) in 
northeast Russia. Asbestos minerals are found in the 
Urals as well as in eastern Siberia. 


Industrial development 

Russias chemical industries are well supplied by the 
potassium and magnesium salt deposits of the Kama 
River area west of the Urals, apatite (from which 
phosphate is derived) in the central Kola Peninsula, 
and rock salt and sulphur in the southwest Urals. 


Coal 

About one third of the world's coal reserves are held 
in Russia. Coal deposits are scattered throughout 
the country, especially in Siberia and Far Eastern 
Russia. The most highly developed coalfields are, 
however, in the Kuznetsk Coal Basin of western 
Siberia, the Pecora Basin of the northeastern 
European region, the Moscow region and the Urals. 
There are also large untapped reserves of coal in the 
Tungusk Basin. 
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since early times. The ancient Greek philosopher 
Aristotle (384—322 BC) refers to a copper-bearing 
ore which was brought to Athens from Cyprus: 
although no one is sure what this mineral was, 
some experts believe it may have been chalcopyrite. 
Chalcopyrite is still sometimes known by the 
alternative names ‘copper pyrite’ or ‘copper pyrites’. 
It has been estimated that approximately 80 per 
cent of the world’s current copper output is derived 
from chalcopyrite. It may therefore be surprising to 
learn that chalcopyrite is not particularly rich in 


copper: only about 35 per cent of 

its mass is copper, whereas cuprite 

may comprise as much as 

88.8 per cent of the pure metal. 
Chalcopyrite is important to 

industry because it is much more 

widely available than any other 


CHALCOPYRITE 


Group: Sulphides 


Crystal system: Tetragonal 
Chemical formula: CuFeS, 
Hardness: 34-4 
Density: 4.3-4.4 
Cleavage: Poor 


Fracture: Uneven 


Colour: Brass-yellow 


Streak: Greenish black 


Lustre: Metallic 


Fluorescence: None 


Chalcopyrite is important to 
industry because it is the most 
common and widespread ore 

of copper. Some specimens 

closely resemble pyrite and have 
been mistaken for gold. 


Y halcopyrite is brass-yellow in colour: it looks 
like gold, but is a little harder. Its name, 

4 which comes from the Greek chalcos, meaning 

‘copper’, and pyr, meaning ‘fire’, was first used in 

1725. However, the mineral itself has been known 
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A Crystals of 
chalcopyrite in 
association with 
sphalerite 
(Lucca, Italy). 


4 A fine crystalline 
specimen of 
chalcopyrite 
(Ani, Japan). 
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MINERALS 


Chalcopyrite is a member of the C] 
sulphide group of minerals. Each 


. molecule is made up of one atom of 
copper, one atom of iron and two 
atoms of sulphur. 

Crystals of chalcopyrite belong to 
the tetragonal system of symmetry, 
in which the three crystallographic 
axes are at right angles to each 
other, but only two are equal in 
length. The crystals are wedge- 
shaped but rare. Some crystals 
grow together in the phenomenon 
known as twinning. 

Chalcopyrite scores 34-4 on the 
Mohs Scale: it is harder than gold 
but softer than pyrite, the two 
minerals it most closely resembles. 

When yellow chalcopyrite is 
rubbed on a piece of white, unglazed 
porcelain it will produce a greenish 
black streak: this is the colour that all 
specimens of the mineral would be if 
they were reduced to powder. 


Industrial mineral 


4 A specimen of massive chalcopyrite 
with a grey crystal of cobaltite 
(Tunaberg, Sweden). 


ORIGINS and DISTRIBUTION J P contained in the wiring that runs beneath the 


streets of New York City! 

Chalcopyrite is found in a wide range of locations Copper is also a component of several 

all over the world. It most often occurs in primary important alloys. When combined with zinc, for 

deposits formed by the action of hot water example, copper forms the alloy brass, and when 

(hydrothermal fluids). Here it is associated with it is mixed with tin it forms bronze. Another use 

cassiterite, galena, pyrite and sphalerite. for copper throughout the world is for coinage, 
Chalcopyrite is found in many parts of the world although the reddish brown, low denomination coins 

including Sudbury, Ontario (Canada); St Agnes, sometimes known as 'coppers are now made mainly 

Cornwall (England); Alsace (France); Ani Japan); of zinc and have only a thin surface coating of copper. 

Rio Tinto (Spain); and Montana (USA). 


Tests and treatment 


Chalcopyrite is soluble in nitric acid and, like many 


copper ore. Copper is usually extracted from minerals containing copper, it will colour a flame 

chalcopyrite by smelting; the metal may then be green. Specimens should be cleaned only with distilled 

further refined by electrolysis. water: this is because the impurities in tap water may 
cause the surface of the mineral to tarnish. 

Uses of copper When tarnished, the surface of the mineral may 

Copper has been widely used by humans since the dawn glisten with all the colours of the rainbow. This effect 

of the Bronze Age in about 8000 Bc. Even after the rise is called iridescence. 


of the Iron Age, copper remained the world's second 
most important industrial metal. Since the 1960s, 
copper production has been overtaken by aluminium, 


Children should never attempt 


which is a cheaper and more abundant metal. to use acids without adult supervision. 
Copper is still used extensively to make roofing, Always wear protective clothing and work 
piping, electric cables and wires. Indeed, it is said that in a well-ventilated room. 


the world's largest underground copper deposit is 


* Chlorite 


group 


Chlorites are a widespread 
group of aluminium 
silicate minerals. 


hlorite group minerals are frequently green 
and their name is derived from chloros, the 
Greek word for this colour. Their crystals 
mainly conform to the monoclinic system of 
Í symmetry in which no crystallographic axis is 
€ the same length as any other. 
| Members of the chlorite group of minerals are 
| all basically aluminosilicates, often of iron and 
magnesium, but the group contains many variants. 
The minerals usually conform to the monoclinic or 
triclinic systems of symmetry. 


The following minerals belong to the chlorite group: 


Chamosite 
Chamosite is named 
after its type locality, 
Chamoson in Valais 
canton (Switzerland). It 
has more than one form 
of crystal symmetry. 
Specimens from Silesia 
(Czech Republic) conform 
to the monoclinic system 
of crystal symmetry. 
Specimens from the 
Arakawa Mine in Akita 
(Japan), however, have 
been found to be 
orthorhombic and are 
classed as orthochamosite. 
e Chamosite is a 
widespread mineral and 
is common in the Jurassic 
ironstones of the UK. The 
variety daphnite is named 
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A White apatite 
on a base 
(matrix) of 
chlorite minerals. 


< Chlorite 
minerals on 
orthoclase. 


Mineral group 


after its characteristic leaf-like crystal shapes: 
daphne is the Greek word for ‘bay tree’. The 
classic source is just outside Penzance, Cornwall 
(England), where it occurs in association with 
arsenopyrite and quartz. 


Clinochlore 

Clinochlore forms a chemical series with chamosite, 
clinochlore being the magnesium-rich end member, 
whereas chamosite — the other end member — 
contains more iron than magnesium. Clinochlore 
is a widespread mineral found in Austria, India, 
Italy, Japan, New Zealand, Russia, Switzerland 

and the USA. 

Ripidolite is an iron-rich form of clinochlore 
found in tin veins in Cornwall (England). It takes 
its name from the Greek ripidos, meaning ‘a fan’: 
this refers to the typical arrangement of its crystals. 


Nimite 
Nimite contains nickel in addition to the usual 
elements — magnesium, 
iron and aluminium. Its 
name is partly an acronym 
of the National Institute 
of Metallurgy in South 
Africa. Nimite is found 

in Barberton Mountain 
Land in the Mpumalanga 
province of that country. 


Pennantite 

Pennantite is a 
manganese-rich member 
of the chlorite group 
which was identified as a 
distinct mineral in 1946. 
It is found in Italy, North 
Carolina (USA) and at the 
Benalt manganese mine in 


Gwynedd (Wales). 


< Green plates (lamellae) 
of pseudohexagonal 
clinochlore from Aosta 
(Italy). The associated 
minerals are diopside 


and granite. 


A Red granite and 
transparent crystals 
of apatite on a green 
base composed of a 
variety of chlorite 
group minerals. 


4 Yellowish green 
crystals of silica-rich 
pennantite from 

Val d'Ossola (Italy). 


oo 


Chloritoid is a widely 
distributed mineral which is 
in some respects similar to 
members of the mica group. 


` hloritoid may be green, greenish black 
1 or dark grey in colour. It is named after 
ALA its resemblance to the chlorite group 
of minerals. 

Chloritoid was identified as a distinct mineral in 
1837. At first, it was thought to be a member of the 
mica group, but there are important differences: 
while all micas conform to the monoclinic system 
of symmetry, only some chloritoid belongs to this 
system, and many specimens are triclinic. 


Y Greyish green chloritoid on a base (matrix) of volcanic 
rock. This specimen was found at Pregratten (Austria). 


Although the basic chemical components of 
chloritoid are invariable, the exact proportions of 
its component atoms may vary significantly from 
specimen to specimen. The magnesium-rich variety 
of chloritoid is known by the alternative name 
sismondine. 


Chloritoid is a member of the silicate group of 
minerals. Each molecule contains the metals iron, 
magnesium, manganese and aluminium, together 
with the non-metals silicon, oxygen and hydrogen. 

Crystals of chloritoid may conform to either of 
two systems of symmetry. Some are monoclinic, in 
which no crystallographic axis is the same length as | 
any other. The remainder are triclinic: no axis is the | 
same length as any other or is at right angles to 
. either of the others. Crystals of either type usually | 
occur as six-sided (hexagonal) table-top shapes and 
many of these grow together in the phenomenon 
known as twinning. 

If chloritoid is rubbed along a piece of white, 
unglazed porcelain, it will reveal a light green 
streak. This is the colour that all specimens would 
be if they were reduced to powder. 


— 
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CH MINERALS | 


FACT FILE 
CHLORITOID 


Group: Silicates 

Crystal system: Monoclinic or triclinic 
Chemical formula: (Fe,Mg,Mn),Al,Si20 j9(OH), 
Hardness: 67 

Density: 3.58-3.61 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Green, greenish black or dark grey 
Streak: Light green 

Lustre: Vitreous to pearly 

Fluorescence: None 


ti "- hs on ORIGINS and a 
ipie i DISTRIBUTION 


three specimens Chloritoid occurs in rocks 

of chloritoid from which have been altered 

a single location by heat and pressure 

near Genoa (Italy). (metamorphic rocks). It is 
particularly likely to be found 
in mica schists and phyllites. 
It is typically found in 
association with chlorite 
group minerals. 

Chloritoid is found in many 
parts of the world, often in 
reasonably large quantities. 
The following are among the 
most notable locations: 
Australia; Pregratten 
(Austria); Belgium; 
Chibougamau, Quebec 
(Canada); France; Aosta and 
Vercelli (Italy); Svalbard 
(Norway); the Ural Mountains 
(Russia); the Shetland Islands 
(Scotland); Zermatt 
(Switzerland); Smyrna 
(Turkey); and Uganda. It is 
also found in Deep River, 
North Carolina and Natick, 
Rhode Island (USA). 


Cymophane is the name given 
to the cat's eye variety of 
chrysober yl. 


ymophane normally has the 

same colours as chrysoberyl 

— yellow, green or brown. 
Impurities cause cymophane 
to take on a characteristically 
undulating appearance, and 
its name comes from the 
Greek words kuma, meaning 
‘wave’, and phainein, meaning 
‘to appear’. 

In its pure form, chrysoberyl is an oxide 

of beryllium and aluminium. Cymophane is 
an impure form of chrysoberyl which contains 
inclusions. Inclusions are not an essential part of 
the mineral’s make-up, and therefore do not appear 
in its chemical formula, but they make an important 
contribution to its appearance. The inclusions within 
the body of cymophane may be composed either of 
fluid droplets or of needle-shaped micro-crystals of 
rutile (titanium dioxide). 


Cat's eyes 
These inclusions create distinctive undulations and a 
vertical line across the face of the cymophane, which 
resembles the narrowed pupil of a cat's eye. 

Other minerals which can show the cat's eye 
optical effect include apatite, quartz, scapolite and 
tourmaline. 


GEMSTONES 


A Twinned crystals of chrysoberyl. Note 
the readily visible lines of cleavage and the 
inclusions beneath the surface of the 
gemstone (Lake Alaotra, Madagascar). 


CHARACTERISTICS 


Cymophane is a member of the oxide group of 
minerals. Each molecule contains one atom of 
beryllium, two atoms of aluminium and four atoms 
of oxygen, together with various impurities which 
give the mineral its distinctive appearance. 

Crystals of cymophane conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. 

Although cymophane is very hard, it will split 
along its weakest planes when struck with a hammer 
or exposed to pressure. In scientific terms, it is said 
to display distinct, prismatic cleavage. 


<A smooth, domed cabochon of 
cymophane with a pronounced 
cat's eye zone. 


The cut 
The natural beauty of the 
cymophane cat’s eye can 


be greatly enhanced by 
judicious cutting and 
polishing. The usual style 

is the smooth, domed 
cabochon, the roundness of 
which emphasises the gem's 
resemblance to a cat's eye. 


Treatment 

To merit the name, all 
cymophane must, by 
definition, show the 
distinctive cat’s eye effect. 
In all other ways, this 
gemstone is identical to 
chrysoberyl: it is insoluble 
and may be cleaned with 
any form of dilute acid. 


> Chrysoberyl from 
Minas Novas (Brazil). 
This specimen was 
subsequently cut and 
polished to become a 
cymophane gemstone. 


GEMSTONES 


FACT FILE 
CYMOPHANE 


Group: Oxides W^ 
Crystal system: Orthorhombic 
Chemical formula: BeAl,0, 
Hardness: 8/ 

Density: 3.7 

Cleavage: Distinct 

Fracture: Conchoidal to uneven 
Colour: Yellow, green, brown 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 


Not all cymophane reveals its 
distinctive cat's eye optical effect on 
first examination. Many specimens 
are superficially identical to 
chrysoberyl and must be worked by 
highly skilled craftsmen to display 
this feature. 


< Translucent cymophane (Sri Lanka). 


ORIGINS and DISTRIBUTION 


Like all forms of chrysoberyl, cymophane is ound in rocks that have- nS 
been altered by heat and pressure ( etamorphic rocks). It may occur in 
metamorphic gneisses, marbles and mica schists, but it is most likely to be 
found in pegmatites and in gem-bearing gra 
Most of the world's main cymophane be A are of sedimentary 
origin, known as placer deposits. The principal sources are as follows: 
Padre Paraiso in Minas Gerais and Santa Teresa in Espirito Santo (Brazil); the 


Democratic Republic of the Congo; Madagascar; Myanmar (Burma); Sri Lanka 
(where it is associated with corundum); and Zimbabwe. 


GROUNDWORK 


On the mineral 
trail: Peru 


The Republic of Peru 

occupies an area of 

1,285,216 sq. km and 

is the third largest COLOMBIA 
country in South ECUADOR 
America after Brazil 

and Argentina. The 

country is bounded 

in the north by 

Ecuador, in the 

northeast by 

Colombia, in the 

east by Brazil, in 

the southeast by 

Bolivia, in the south 

by Chile and in the 

southwest and west 

by the Pacific Ocean. 


Iquitos a Amazon R. 


Ucayali R. 


BOLIVIA 


lake Titicaca 


Major mineral 
deposits 


ineral deposits form the main natural 
resources of Peru. These include copper in 
the northwest, and significant deposits of 


silver and gold, plus iron, lead and zinc ores 
throughout the Cordilleras mountains. 


Three main regions 

Peru can be divided into three main topographical 
A The deserts of southern Peru are an extension of areas: the desert coastal plain, the Sierra or Andes 
the Atacama Desert in neighbouring Chile. In the Highlands, and the Montana or eastern slopes of the 
background are the Andes Mountains. Andes and Amazon plains. 


The desert coast of Peru is a narrow, rugged region 
which stretches 2270km along the country's entire 
coastline, varying between 65km and 160km in width. 
It is an extension of Chiles Atacama Desert. This 
desert coastal region is the economic centre of the 
country and four of the country's main cities — Lima 
(the capital), Callao, Chiclayo and Trujillo — are found 
along the coast. 

The Andes Highlands are approximately 320km 
wide and occupy one third of the country’s land area. 
It is here that most of Peru's mineral deposits are to 
be found. The Andes in the Sierra (highlands) region 
rise to heights of over 5000m and 10 peaks are higher 
than 6100m. Of these, Mount Huascaran (6746m) 
is the highest. In the south, there are volcanic cones, 
the best known of which is El Misti (5822m) which 
overlooks the city of Arequipa. The eastern slopes of 
the Andes are carved by rivers into V-shaped valleys 
and canyons some 3000m deep. Also in this region lies 
Lake Titicaca, the highest navigable lake in the world 
at 3812m above sea level. 

The Montana region, by contrast, is a remote area 
which includes the lower, densely forested slopes of the 
eastern Andes and the flat, tropical Amazonian plains 
(also known as the selva). This inhospitable region 
comprises about half of Peru’s total 
land area. 


Mining industry 

Peru has been famous as a source 

of vast mineral wealth since the 

16th century when the Spanish 
conquistadores discovered in the 
Andes gold and silver mines which 
had previously been developed by the 
ruling Incas. 

By the late 1980s, more than two- 
thirds of the country’s export earnings 
came from mining, in particular from 
copper, lead, silver, zinc, iron, gold, 
tungsten and molybdenum. Small 


> The Maras area near the city of Cuzco. 


<A view over the Andes Highlands in 
central Peru. 


amounts of coal were also mined. 
Annual production figures in the 
1980s show just how important the 
mining industry had become: 3.3 
million tonnes of iron ore; 203,950 
tonnes of lead ore and 612,500 
tonnes of zinc ore. 


Silver and copper 

Silver is just one of Peru’s important 

mineral deposits, with over 2000 

tonnes produced annually. It is 

mainly found in the central Andes. 
Some of the most important silver minerals to be 
found there are argentite, chlorargyrite, pyrargyrite 
and sylvanite. 

Copper is also mined in vast quantities. Most of the 
country’s copper mines are found in the Andes about 
4000m above sea level. These mines include the 
opencast workings at Cerro de Pasco in the central 
Andes; mines at Toquepala and Cuajone in the 
southern Andes, and at Mariona near the coast. The 
Toquepala area is often regarded as the world's largest 
source of copper and produces over 400,000 tonnes of 
the metal annually. 


Energy resources 

Peru's northern coast has been an important source 
of oil since the 19th century and in the 1970s new 
oilfields were developed to the east of the Andes and 
offshore. By the late 1980s, Peru was producing 64.9 
million barrels of crude oil a year and 578.3 million 
cubic metres of natural gas. 

There have been major discoveries of oil in recent 
years between Iquitos and the Ecuadorian border. As a 
result, Iquitos is now the country's fastest growing 
urban centre: between 1965 and the 1980s, its 
population grew from 50,000 to over 200,000. 


DISCOVERY: D 


e Oxides and hydroxides I 


In Discovery 81 we looked at some common oxides, in which elements 
are combined with oxygen, and hydroxides, which are compounds of metallic 
elements with the hydroxyl radical. We continue our survey with some more 
well-known examples of oxides and hydroxides. 


Coronadite 

Coronadite is a black or dark grey oxide of lead and 
manganese. It occurs in the oxidised parts of mineral 
veins in many areas of the world including Australia; 
Cumbria, England; Morocco; Namibia; and the USA. 
This mineral crystallises in the tetragonal system, in 
which all three crystallographic axes are at right angles 
to each other and two are equal in length. However, it 
rarely forms crystals, usually occurring as massive 
(irregular-shaped) or botryoidal specimens. 


cristobalite 

Cristobalite is a common, pale-coloured oxide of 
silicon, and has the same chemical formula as quartz. 
It differs in that it crystallises in the tetragonal system 
and is slightly softer than quartz at 6% on the Mohs 
Scale of hardness. Cristobalite occurs in many igneous 
rocks and it has also been found in lunar rocks and 

in meteorites. 


Goethite 

Goethite is a widespread hydroxide of iron, which 
occurs in mineral veins and as an alteration product 
of many iron-bearing minerals, including pyrite and 
hematite. It is dark coloured, usually being black or 


brown, and forms crystals in the orthorhombic system. 


As well as forming prismatic crystals, goethite occurs 


in radiating masses, and in stalactitic, oolitic and 
columnar habits. 


Hausmannite 

An oxide of manganese, hausmannite is a brown to 
black coloured mineral with a hardness of 54and a 
specific gravity of 4.8. It forms in hydrothermal veins 
and in metamorphic rocks. It is found in many parts 
of the world including Belgium, Brazil, England, 
India, Italy, Morocco, Scotland, South Africa, 
Switzerland and the USA. 


A Lepidocrocite in massive habit plus 
small crystals with a metallic lustre. 


4 Goethite from Cumbria (England). 


Lepidocrocite 

Lepidocrocite is a hydroxide of iron 
with the same chemical composition 
as goethite. One of its most striking 
features is its rich red to reddish- 
brown colouring. It forms thin, 
often scale-like, crystals and occurs 
as a secondary mineral usually 
associated with goethite. 
Lepidocrocite is found in many 
parts of the world including 
Australia, France, Germany, Mexico, 


Namibia and the USA. 
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Oxides and hydroxides Il 


Opal 

A form of hydrated silicon dioxide, 
opal is an oxide with an amorphous 
structure and is not classified in any 
crystal system. It forms in massive 
(no definite shape), compact and 
cryptocrystalline habits. Opal 

occurs in many geological situations 
including veins and as the 
replacement of organic material in 
fossil trees. Because of its fine play of 
colours and hardness (5% to 6% on the 
Mohs Scale) it is widely used as a 
gemstone. Some of the finest opal 

is found in Australia, though it is 
widespread in the USA and many 
other parts of the world. 


Periclase 

Periclase is a manganese oxide. It 
usually forms in marble as a high temperature 
metamorphic mineral. Its crystals are classified 

in the cubic system, in which the three 
crystallographic axes are of equal length and at right 
angles to each other, and it forms octahedral and 
cubic crystals. Periclase can be white, colourless, 
grey, green, yellow or black and has a hardness of 
5%. It is found in the Czech Republic, Italy, Spain, 
Sweden and many parts of the USA. 


Rutile 
Rutile is an oxide. Composed of titanium dioxide, 
it is an important source of this metal which is used 
for making lightweight alloys. 

Rutile forms thin crystals that often occur 
within quartz and in igneous and metamorphic 


<A specimen of opal, 
showing the varying 
colours associated with 
this gemstone (Australia). 


v Tellurite is 
characteristically a straw- 
yellow colour, as seen here 
(Nevada, USA). 


rocks. It is commonly red-brown in colour, but can 


also be yellow, blue or black. Its hardness ranges 
from 6 to 6% and it has a specific gravity of 4.23. 
Rutile is common in many parts of the world, 
especially in Canada, Russia and the USA. 


Tellurite 

Tellurite is an oxide of tellurium. This mineral is 
heavy, with a specific gravity of 5.90, but it is very 
soft and registers only 2 on the Mohs Scale of 
hardness. Tellurite forms as small, acicular crystals 
or as rounded masses with a radiating internal 
structure. It is found where tellurium deposits have 
been oxidised and altered, and occurs in many 
places, especially in Japan, Mexico, Romania and 


the USA. 


he action of the sea — marine erosion — wears 

away and changes coastlines. A coastline or 

coast is defined as the area between the limits 
of high and low tide. Within this band, the influence 


of the sea is paramount. 


Constant changes 

Coastal regions undergo constant change as the 
relentless force of the sea batters rocks, wears them 
down and transports their sediment elsewhere. The 
land in these areas never stays the same for long and 
this creates many problems for shore-dwelling (littoral) 
life forms; nevertheless, largely for economic reasons, a 
large proportion of the world's human population 
presently lives within this narrow coastal belt. 


Beaches 

Beaches are a characteristic natural feature of many 
coastlines. Most beaches were originally rock faces, but 
over millions of years the incessant hammering of the 
sea has worn them down, first into boulders, then into 
pebbles, and finally into an accumulation of loose 
sand. The erosive effect of the sea is greatly increased 
when the water contains particles of rock. 
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A A The Old Man of Hoy in the Orkney Islands 
(Scotland). This stack is 157m high. 


A Rock arch on the coast near Pembroke (Wales). 


The coastline 


The sea continues to change beaches even when they 
have been reduced to sand. Much sand is redeposited 
on other parts of the coast, but some of it is moved 
into deeper water. Elsewhere, sand may be removed 
from the beach and carried inland by another 
important agent of erosion, the wind. Sand 
transported in this way accumulates as dunes further 
inland, above the high water mark. 

The slope of any beach is directly related to the size 
of the grains that comprise it. Very fine sand beaches 
slope gently at an angle of about one degree, whereas 
rocky beaches may slope at angles of up to 25°. 


Beach sands occasionally contain valuable minerals: 
diamonds are sometimes found along the coast of 
South Africa; gold has been panned from beaches in 
Alaska (USA); elsewhere, there are significant amounts 
of magnetite, platinum and zircon. 


Beaches are created by wave action but they are shaped 
by currents which move sediment along the coast. 
Waves breaking at an angle to the shoreline create 
movement parallel to the coastline: this effect is known 
as longshore drift. Among the products of longshore 
drift are spits which are deposited across the mouths of 
bays and rivers. 


The sea often comes into contact with cliff faces 
composed of varying types of rock in which some 
strata are softer and more susceptible to erosion than 
others. This can cause the formation of caves, sea 
stacks and arches. Arches, like so much else in geology, 
are not permanent: they will eventually collapse 
through further erosion, creating sea stacks. 


Some large-scale changes to the appearance of the 
coastline are caused, not primarily by the sea, but by 
changes in the elevation of the land. If the land rises as 


Coastal longshore drift in Dungeness, Kent (England). 
Note the accumulation of shingle against the groynes. 


a result of geological upheavals, cliffs which were 3 
originally at the waters edge may be found set back 

above the high water mark. These are called uplifted 

coasts or coasts of emergence. 


If the land behind a coast sinks, the coastline recedes 
to create drowned coasts, or coasts of submergence. 
This will cause drowned river valleys, called rias. 


Taken over millions of years, the action of the sea 

is cyclic. In the youth stage of a marine cycle, the 
coastline will typically be straight with only minor 
indentations. Once the sea has cut into the coast, the 
forces of erosion and transportation will wear away 
and increase the size of the gap. Indentations caused 
in this way may eventually develop into a series of 
bays and headlands: this is known as the mature 
stage of the marine cycle. Old age is reached when 
the headlands are worn back and eventually 
destroyed to leave a straight coastline once again: 
this completes the cycle. 


Former sea stacks now capped with trees on 
Vancouver Island (Canada). a 
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ock crystal 


Rock crystal is the clear, colourless 


variety of quartz, one of the 

most common minerals 

in the Earth's crust. It forms 
in beautiful crystal shapes. 


ock crystal is always completely colourless. 

The finest specimens are usually put on display, 

while others may be polished or cut to make 
beads and other forms of ornamentation. Rock crystal 
is widely used in the manufacture of lamps, lenses 
and watches, and is also the material from which 
clairvoyants' crystal balls are made. 


Purest form of quartz 
The distinctive physical feature of rock crystal is its 
completely colourless appearance. The colours of 
other varieties of quartz such as purple amethyst, for 
example, are attributable to the presence of impurities. 
Clear rock crystal, by contrast, contains none of these 
and is thus the purest form of quartz. 

One of the most interesting varieties of rock crystal 
is that which contains rutile. This mineral, which is 


Rock crystal is a member of the oxide group of 
minerals. Each molecule is made up of one atom of 
silicon and two atoms of oxygen. 

Crystals of this mineral conform to the 
complicated trigonal system of symmetry and 
commonly appear in the form of colourless, 
hexagonal prisms which terminate in pyramids. 
However, because they have no cleavage they often 
take the form of fragments which resemble small 
pieces of broken glass. 

When pieces of rock crystal are hit with a heavy 
object, they break up and produce a pattern 


resembling that on a seashell. The scientific term 
for this effect is conchoidal fracture. 


Commonplace mineral 


FACT FILE 


ROCK CRYSTAL 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: SiO; 


Hardness: 7 


Density: 2.65 


Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Colourless 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


composed of titanium and oxygen, often occurs 
within crystals of transparent quartz as masses of 
thin, brownish needles. Rock crystal may also 
contain small crystals of black tourmaline. Though 
it is more difficult to fashion, rock crystal containing 
these inclusions makes attractive ornaments. 


The cut 


Rock crystal has no real value as a gemstone 
although it has been used as a substitute for 
diamond, but it lacks the fire so prized in diamonds 
as it is much softer. It has often been used for 
chandeliers and carved ornaments. It can be 
distinguished from glass by the fact that it is slightly 
harder and lacks the minute bubbles often found 

in glass. 

Rock crytal is sometimes fashioned into smooth, 
domed cabochons and tumbled to make beads and 
necklaces. Some specimens are carved into brooches 
with inset designs called intaglios. When it is 


A Clusters of rock crystal showing hexagonal prisms 
and pyramidal terminations. 


AP Rock crystal with an internal 'ghost' crystal 
formed by two successive bursts of growth 
during its formation (Brazil). o 


ORIGINS and DISTRIBUTION &€ gy 


Rock crystal occurs, along with other forms of 
quartz, in many geological situations. It is commonly 
found in amygales and geodes (hollows in lava) 
where crystals grow and may be very well formed. 
It also occurs in hydrothermal veins with many 
other minerals, including the:sulphides galena and 
sphalerite. Rock crystal is also found in igneous and 
metamorphic rocks such as granite. 

Rock crystal is found everywhere, but 


exceptionally good deposits are found in Rio Grande 


do Norte (Brazil), while fine crystalline specimens 
have been discovered in the Alps, particularly in 
France and in the St Gotthard Pass (Switzerland). 
Other important locations include the Deccan 

- (India), Madagascar, Russia, South Africa, Uruguay 
and the USA. 


faceted, the preferred angles for cutting rock crystal 
are 40?—50? on the crown and 43? along the pavilion 
surface. (For a detailed explanation of gem-cutting 
terms, see Discovery 9 and 11.) 


Treatment 

If heated, rock crystal should be allowed to cool 
slowly, because rapid cooling may cause it to crack. 
Specimens may be cleaned using weak acids. 


! MINERALS 


Cristobalite 


Cristobalite has the same chemical 
pea: ty composition as quartz but a 
ie wae different crystal structure. 
It is found in many parts of the 
world and on the Moon. 


yellowish mineral which is named after Cerro 
San Cristóbal, the region of Mexico where 

it was first discovered in 1884 by G. vom Rath, a 
German mineralogist. For some time, it was thought 
to be simply a variant form of quartz, but in 1887 it 
was finally confirmed as a distinct mineral. 

Cristobalite is basically a form of silica, the same 
material that comprises quartz. As we have seen 
elsewhere in Treasures of the Earth, crystals of pure 
quartz (chemical formula SiO;) conform to the 
trigonal system of symmetry. Although cristobalite 
has exactly the same chemical formula, it forms at 
lower and higher temperatures than quartz and 
consequently its crystals have a different shape. This 
is an essential difference between the two minerals. 

Other differences include hardness and density. 
Quartz is a fairly hard mineral, scoring 7 on the 
Mohs Scale of hardness, while cristobalite is slightly 
softer at 6%. Cristobalite has a slightly lower density 
than quartz, being 2.3 times heavier than the 
equivalent volume of water at normal room 
temperature, while quartz has a density of 2.65. 


( j ristobalite is a white, greyish, brownish or A Spheroids of cristobalite from Sassari (Italy). 


Stable cristobalite 
The physical and chemical characteristics of many 
minerals are determined by the amount of heat to A A globular specimen of cristobalite (California, USA). 


CRISTOBALITE 


Group: Oxides 

Crystal system: Tetragonal 
Chemical formula: SiO; 
Hardness: 6% 

Density: 2.3 

Cleavage: None 

Fracture: Conchoidal 


Colour: White, greyish, brownish, yellowish 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 


> A mass of cristobalite spheroids 
(Angiona, Sassari, Italy). 


v A specimen of cristobalite from 
California (USA). 


which they were subjected when they originally 
formed. 

Quartz is stable at between about 575°C and 
870°C. Cristobalite, by contrast, may appear in either 
of two forms. One form, known as low cristobalite, 
forms at temperatures of up to 268°C. The other 
variety starts to crystallise at temperatures above 
268°C but becomes stable only when it has been 
heated to between 1470°C and its melting point of 
1728°C. This form is known as high cristobalite. 


Similar minerals 

Cristobalite and quartz have exactly the same 
chemical formula as the minerals coesite, stishovite 
and tridymite: these are all forms of silica which are 
differentiated by variations in their crystal structures. 


ORIGINS and (4 ,. 
DISTRIBUTION *5 


Cristobalite occurs in the 
volcanic rocks andesite, 
obsidian, rhyolite and 
trachyte. 

Cristobalite is also found in 
meteorites and on the Moon. 
On Earth it occurs in the 
following locations: Massif 
Central (France); Eifel 
(Germany); Maharastra (India); 
Japan; Cerro San Cristóbal 
(Mexico); New Zealand; 
Russia; and California and 
Wyoming (USA). 


E 


Like all forms of silica, cristobalite is a member of 
the oxide group of minerals. Each molecule is 
composed of one atom of silicon combined with 
two atoms of oxygen. 

Crystals of cristobalite conform to the 
tetragonal system of symmetry in which the three 
crystallographic axes are at right angles to each 
other, but only two are equal in length. Naturally 
occurring low cristobalite (see main text) usually 
takes the form of masses of very small crystals. 
Otherwise cristobalite usually occurs as grape-like 
(botryoidal) specimens or in forms with no 
particular shape (massive habit). 


1 
1 
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Dachiardite is a very rare zeolite 
mineral. It is dimorphous with 
mordenite, having the same 
chemical components but belonging to 
a different crystal system. 


achiardite is a white or colourless mineral 
which was originally known as zeolite 
mimetica’ because it is very similar to several 
other zeolite minerals. The word ‘mimetica comes 
from a Greek word meaning 'to imitate'. Early in 
the 20th century, the Italian geologist Giovanni 
D'Achiardi realised that this was a new mineral and 
in 1906 it was formally named after his father. 


Reversible dehydration 
Zeolite minerals frequently occur in cavities (vesicles) 
in lavas and other igneous rocks. They are unusual 

in that they have a property known as reversible 
dehydration. Each zeolite has a certain number of 
molecules of water attached to its structure and, on 
heating, these are lost. When the temperature falls 
the water is taken up again. 
This property is useful and 
zeolites are used as desiccants, 
to soak up moisture. The 
little packages of silica gel 
found with electronic and 
other equipment contain 
man-made zeolite. 


Dimorphism 

Dachiardite and mordenite 
form a dimorphous pair of 
minerals. Dimorphism occurs 
when two minerals have the 
same chemical make-up but 
their crystals are classified 

in different systems of 
symmetry. Both dachiardite 
and mordenite contain 
calcium, sodium, potassium, 
aluminium, silicon and 
oxygen, as well as attached 


> Clusters of tiny white 
crystals of dachiardite from 
Cape Lookout, Oregon (USA). 


FACT FILE. 


DACHIARDITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: (Ca,Na2,K2)sAlyoSigg0gg.25H20 


Hardness: 4-47 


Density: 2.20 


Cleavage: Perfect 


Fracture: Conchoidal 


Colour: White, colourless 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


molecules of water of crystallisation. However, 
dachiardite crystals are classified in the monoclinic 
system and those of mordenite belong to the 
orthorhombic system. 

Dimorphism is a variety of the property 
generally referred to as polymorphism, in which 
many minerals may have the same chemistry but 
different crystal structures. 


jesoul elegy 


4 White and 
colourless crystals 
of dachiardite from 
Cape Lookout, 
Oregon (USA). 


Rare mineral 


4 Dachiardite on a 
base (matrix) of dark 
volcanic rock. 


ORIGINS and DISTRIBUTION ¢ 


Dachiardite is a rare mineral that is found principally 
in pegmatites and volcanic lavas. 

The first dachiardite specimens were found at 
Speranza on the island of Elba (Italy). The mineral is 
also found in the following locations: Bolzano (Italy); 
Niigata Prefecture (Japan); and Cape Lookout, 
Oregon and Wahkiakum County, Washington (USA). 


mRISTICS 0 


Dachiardite is a member of the silicate group of 
minerals. Each molecule contains the metallic 
elements sodium, potassium, calcium and 
aluminium and the non-metals silicon and | 
oxygen. There are also 25 molecules of water | 
of crystallisation. | 

Crystals of dachiardite conform to the monoclinic _ 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
often occur in distinctive prismatic shapes, and 
many of them grow together in the phenomenon 
known as twinning. 

Dachiardite is a relatively soft mineral, scoring 
4-4% on the Mohs Scale of hardness. It has a slightly 
lower than average specific gravity of 2.20. o 


4 Dachiardite with two other zeolite minerals — 
colourless mordenite and brown clinoptilolite. 
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Hydroboracite 


Hydroboracite is a pale 

coloured boron-bearing 

mineral that generally forms 
in small quantities. 


ydroboracite is usually white, but can also 

be brownish, greenish or colourless. It was 

identified as a distinct mineral in 1836 and 
named after two of its chemical components: water 
(the Greek for which is 5ydor) and boron. 


Complex chemical formula 

This boron-bearing mineral has a complex 

chemical formula. Each molecule contains calcium, 
magnesuium, boron, oxygen and hydrogen, plus three 
molecules of water of crystallisation. It is a very soft 
mineral, scoring 2-3 on the Mohs Scale; it can be 
scratched with a fingernail and is easily marked with 

a coin. Its density of 2.17 is lower than average. 


A Groups of radiating 
acicular (needle-like) 
crystals of hydroboracite 
from Boron, Kern County, 
California (USA). 


< Globular masses of 
hydroboracite from 
Turkey. 


FACT FILE 
HYDROBORACITE 


Group: Borates 

Crystal system: Monoclinic 

Chemical formula: CaMgB,0,(0H),.3H,0 
Hardness: 2-3 

Density: 2.17 

Cleavage: Perfect 

Fracture: Uneven 


Colour: White, colourless, brownish, greenish 
Streak: White 

Lustre: Vitreous to silky 

Fluorescence: None 
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Hydroboracite forms crystals 
that have the symmetry of the 
monoclinic system. This has three 
crystallographic axes, two of which 
are at right angles to each other; 
none of the axes is the same length 
as any other. The crystals are 
characteristically long and thin, with 
a needle-like (acicular) habit. 


Source of boron 

If hydroboracite occurs in sufficiently 
large enough masses it can be an 
economic source of boron. This 
brownish powdery element has many 
industrial applications: among other 
uses it is an important factor in steel- 
making and the manufacture of 
heat-resistant glass. 


Tests and treatment 

One test for hydroboracite is that 
when it is burned, the boron it 
contains will colour an open flame 
green. Hydroboracite is insoluble 
in cold water. 


< A typical specimen of 
hydroboracite, consisting 
of needle-shaped 
(acicular) crystals, from 
Bigadic (Turkey). 


ieee? 
= issdrlne E 
Hydroboracite is a member of the borate group of minerals. 
Each molecule contains calcium, magnesium, boron, hydrogen and 
oxygen, and is also hydrated by three attached molecules of water 
of crystallisation. 

Crystals of hydroboracite conform to the monoclinic system of 
symmetry in which no crystallographic axis is the same length as any 
other. The crystals may have needle-like (acicular) or other prismatic 
shapes. However, this mineral generally occurs as fibrous masses. 

Hydroboracite is very soft, scoring only 2-3 on the Mohs Scale of 
hardness, and some specimens may be scratched with a fingernail. 


eg E 


Hydroboracite forms as an evaporite mineral resulting from the 
drying out of saline water. It is found with other evaporite minerals 
including halite and gypsum. 


Hydroboracite is found in the following locations: New Brunswick 


(Canada); Stassfurt (Germany); Lake Inder (Kazakhstan); the Caucasus 
(Russia); and the Bigadic Mine, Balikesir Province (Turkey). The US 
state of California has several deposits, the largest of which occur 
around Boron in Kern County and in the Ryan area of Inyo County 
(part of Death Valley). Ei 


| MINERALS 


Witherite 


Witherite is a widespread mineral which 
is valued as a source of barium when 


found in sufficient quantity. 


ost witherite is white but specimens may be 

colourless, grey, brownish, greenish or pale 

yellow. It is named in honour of William 
Withering (1741-1799), the English scientist who 
first described and analysed it in 1784. 

Witherite is used in the preparation of several 
barium compounds. The mineral is widely preferred to 
barite as a source of barium salts because it is readily 
soluble in all common acids. (By contrast, barite is 
insoluble and thus more difficult to work with.) 


Carbonate mineral 
Witherite is barium carbonate, a chemical which 
is used as the raw material for the manufacture of 
other barium salts, especially barium chloride. This is 
obtained by dissolving witherite in hydrochloric acid 
and crystallising out the leftover hydrate. 

Barium is used to make flux for ceramics and in the 
manufacture of certain forms of optical glass. 


A Individual prismatic crystals of witherite from the 
northern Pennines (England). The clearly defined layer 
effect is caused by successive waves of crystallisation. 


WITHERITE 


Group: Carbonates 


Crystal system: Orthorhombic 
Chemical formula: BaCO, 
Hardness: 3-3% 

Density: 4.3 

Cleavage: Distinct 


Fracture: Uneven 


Colour: White, colourless, grey, brownish, greenish, pale yellow 
Streak: White 

Lustre: Vitreous to resinous 

Fluorescence: Blue-white 


Widespread mineral. 


A Pyramid-shaped crystals of witherite. Note how the crystals are joined 
together in the phenomenon known as twinning (Illinois, USA). 


Tests and treatment 
When witherite is placed in 


hydrochloric acid, it will dissolve and 
give off an effervescent fizz. Because 
of its barium content, powdered 


specimens will colour a flame 


apple green. It shows a blue-white 

fluorescence under ultraviolet light. 
Crystals should be cleaned with 

distilled water: tap water may contain 


damaging impurities. 


Witherite is a member of the 
carbonate group of minerals. 
It is made up of the metallic 


metals carbon and oxygen. 
Almost all crystals of 

witherite are joined to one 

or more others: in scientific 


the phenomenon known as 
twinning. The basic crystal 
structure conforms to the 
orthorhombic system of 


symmetry, in which the three 


crystallographic axes are 
unequal but are all at right 
angles to each other. Most 
witherite specimens have 
pyramidal or six-sided 

| (hexagonal) shapes. Non- 
crystalline specimens of the 


shapes (massive habit). 

| One of witherite's 

most distinctive physical 

, characteristics is its specific 
gravity (SC), which, at 4.5 


room temperature, is rather 
higher than average. 


element barium and the non- 


terms, they are said to display 


| mineral may form as columns, 
fibres, tiny grains or irregular 


times greater than that of the 
equivalent volume of water at 


A 4 A beautiful rosette-like 
cluster of witherite crystals 
(Illinois, USA). 


«4 Crystals of witherite from 
Cumbria, England. 


ORIGINS and  ; 
DISTRIBUTION 


Witherite is found in 
association with anglesite, 
barite and galena. 

The most important 


deposits occur in the 
following locations: Austria; 
Cumbria and Durham 
(England); France; Germany; 
Japan; Siberia (Russia); and 
Arizona, California, Illinois, 
Kentucky and Montana (USA). 


b Arsenates 


Arsenate minerals are naturally occurring chemical compounds 
in which arsenic and oxygen have combined with various metallic elements. 
Many arsenates are popular with mineral collectors because of their bright 
colours. Below we describe some arsenate minerals. 
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Adamite Ceruléite 

Adamite is an arsenate of zinc and is an end The name of this rare and beautiful mineral is taken 
member of the adamite-olivenite series. It has a very from the Latin word caeruleus, meaning ‘sky-blue’. 
characteristic yellowish green colour and crystallisesin Some of the finest compact masses closely resemble 


the orthorhombic system of symmetry. The crystals are the gemstone turquoise. Although ceruléite was first 
often tabular and usually occur in radiating aggregates described in 1900, it was not until 1976 that 
or spheroidal masses. It is a soft mineral, registering 34 — scientists finally determined its crystal system 


on the Mohs Scale of hardness, and can easily be (which is triclinic) and its exact chemical 

marked by a steel knife blade. Adamite is found in composition. It is an arsenate of copper and 

many locations, including aluminium, and every molecule has 12 molecules of 
Algeria, Chile, France, E QA water of crystallisation attached to it. The formula is 
Mexico, Namibia a eee thus Cu,Al,(AsO,),(OH),;.12H,O. Ceruléite is 
and the P x 5 found in various parts of Chile and at Wheal 

USA. ; EM Garland, Cornwall (England). 


Clinoclase 
Clinoclase is an arsenate of copper. It is a 
dark greenish blue to dark green mineral 
and it has a hardness of only 2% to 
3 on the Mohs Scale of hardness. 
Its density is 4.3, which is 
slightly higher than average. 
Clinoclase occurs in altered 
regions of copper deposits, 
often associated with olivenite. 
It is a widespread mineral and is 
found in Cornwall and Devon, 
(England); Germany, Japan, 
Morocco, Namibia and the USA. 


A Spheroidal masses of 
yellowish green crystals 
of adamite. 


> Purple, needie-shaped 

€ (acicular) crystals of 
erythrite from the 
Pednandrea Mine at 
Redruth, Cornwall 
(England). 


Arsenates 


Erythrite 

Erythrite is a hydrated arsenate of 
metallic cobalt. Its reddish, purple 
or pink colour is so distinctive that 
it is used as a guide to the presence 
of ores of cobalt, nickel and silver. 
(For further information about the 
ways in which some minerals are 
used to detect others, see The 
Story of the Earth 27.) Erythrite 
may be found in Cornwall and 
Cumbria (England), as well as in 
Canada, Germany, Morocco, 
Sweden and the USA. 


Liroconite 

Liroconite is a hydrated arsenate 
of copper and aluminium; it 
usually also contains phosphorus. 
Its name is derived from the Greek 


> Liskeardite from 
Liskeard, Cornwall 
(England). 


words Jiros (‘pale’) and konia (‘powder’). The 
classic locations (type localities) are at Redruth 
| and St Day, Cornwall (England). 


| Liskeardite 

| Another Cornish mineral, liskeardite is named 
after the town near which it was originally 

| identified as a distinct mineral. It is a hydrated 

| arsenate of aluminium and iron, and may be 

white, greenish or bluish in colour. 


A Crystals of liroconite from 
Cornwall (England). 


Mimetite 
Mimetite is an arsenate of lead, but 
it may resemble pyromorphite (lead 
phosphate) so closely that the two 
minerals can only be told apart by 
tests. It ranges from pale yellow to 
brownish yellow in colour, and is 
well known in the alteration regions 
of lead deposits. Fine specimens of 
mimetite are found in Cumbria 
(England) and Leadhills (Scotland). 
Elsewhere, it occurs in Germany, 


Mexico, Namibia and the USA. 


Olivenite 

Olivenite is a widespread 
arsenate of copper which 

is named after its olive 

green colour. It was originally 
identified in Wheal Garland, 
Cornwall (England); other 
locations include Chile, 
Germany, Greece, 


Namibia and the USA. 


Scorodite 
Scorodite is an arsenate 
of iron which is named from 
the Greek, meaning 'garlic-like': this is a reference 
to the smell it gives off when heated. The mineral 
forms a solid solution series with mansfieldite, an 
arsenate of aluminium. Scorodite is a widespread 
mineral but seldom occurs in large quantities. 
The most plentiful sources are in Brazil, Mexico 


and the USA. 
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ANTA VENE 
UTE CEA. 
Sia ak why 


The recorded history of the human race goes back only about 4000 years, 
to the time of the first written records and the earliest artefacts. 

By contrast, thanks to the great strides that have been taken in 
technological development over the last 150 years, geological history 
can now be traced back about 3800 million years, to the time 
the earliest rocks on Earth were formed. 


he chief means of establishing the 

chronological sequence of events in the 

Earth — that is, the order in which the 
rocks were formed — is through the examination 
of fossils. 

As we have seen in The Story of the Earth 17, 
fossils are the remains of dead animals or plants. 
Generally, only the hard parts of the organism 
are preserved — bones, teeth, shells and wood. 
Sometimes, however, whole organisms can be found 
intact, as for example when a small creature such as 
a fly becomes stuck in amber. 


Information about fossils is known as the fossil 
record. This record stretches back millions of years 
and is a vital source of information about prehistoric 
life on Earth. From this record scientists have 
established a chronology for the evolutionary 
development of life, starting from the shells of tiny 
marine creatures. This makes it possible to deduce 
the age of rocks from the fossils they contain. 


The world's oldest rock. This specimen was 
extracted from the Earth in western Greenland in 1973. 
It is 3800 million years old. 


$7904 Bured 


A. An early mass 
spectrometer for atomic 
dating. Machines like this 
have enabled scientists 
to establish the exact 
age of rocks with much 
greater accuracy than 
ever before. 


> Ancient rocks from 
Greenland and Antarctica. 
The visible surface 
markings are bands of 
iron. The top fragment is 
a pebble of volcanic ash: 
radiometric dating has 
shown it to be 3824 
million years old. 


Radiometric dating 
What is known as the fossil record has now been 
supplemented by a process called radiometric dating. 
In 1905, US scientists suggested that the metallic 
element lead is formed by the gradual disintegration 
of another metal, uranium. This meant that the 
older a given uranium-bearing rock, the greater the 
amount of lead it should contain. The next challenge 
was to find a method of measuring the exact rate of 
this decay. To this end, the mass spectrometer was 
developed during the 1920s and 1930s to separate 
the rock's isotopes (particles at different stages of 
decomposition) and detect material variations as 
small as one part in 10,000. 
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As old as the hills 


As a direct consequence of these momentous 
breakthroughs, precise dates can now be obtained for 
igneous rocks in the Earth's mountainous (orogenic) 
belts from the late Tertiary era (20 million years ago) 
to the early Archean (3800 million years ago). 

The world's oldest igneous and sedimentary rocks 
are found at Isua in western Greenland: they are 
between 3800 million and 4000 million years old. 
By extrapolating a time when there was no lead 
formed by radiogenic processes, it has been calculated 
that the Earth must be about 4600 million years old. 
This is about the same age as most meteorites and 
lunar rocks. 
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Talc - the softest 
mineral on the 
Mohs Scale of 
hardness - has z ; 4 A greasy, greenish 
a wide range of industrial uses. ; ; grey mass of talc. 


he word talc is derived from talg, 

the Arabic for ‘mica’. Talc is usually white 

or very pale green in colour, although 
some specimens may appear brownish, dark green j 
or grey. In non-crystalline form the mineral is Talc is a member of the silicate group of minerals. 
easily recognised by a greasy look and feel, which Each molecule contains magnesium together with 
give rise to its alternative name, soapstone. It is the non-metallic elements silicon, oxygen and 
also sometimes known as steatite, a word which hydrogen. 
comes from the Greek stear, meaning ‘fat’: this is Crystals of talc conform to the monoclinic system 
another reference to the mineral’s characteristically of symmetry in which no crystallographic axis is 
greasy appearance. the same length as any other. Crystals are commonly 

thin, tabular shapes. However, clearly defined 

Long history individual crystals are rare, and talc usually 
Talc has been used since ancient times to make occurs as specimens with no particular shape 
carvings, ornaments and utensils: notable (massive habit), as fine-grained masses or leaf-like 
examples include ancient Egyptian scarabs (foliated) forms. 


and Chinese statues. "M" oa 


v Talc in association with black 
magnetite and golden pyrite 
(Turin, Italy). 


TALC 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: Mg3Si,0;.(0H), 
Hardness: 1 


Density: 2.5-2.8 


Cleavage: Perfect 


Fracture: Uneven 


Colour: White, grey, green, brownish 


Streak: White 
Lustre: Greasy to pearly 


Fluorescence: None 


Industrial uses 

Talc is fairly resistant to heat and has a wide 

range of practical applications, notably in the 
manufacture of lubricants, dressings for leather and 
marker pencils. The mineral is often ground up, 
purified, scented and sold as talcum powder, a 
toiletry which perfumes the body and absorbs 
perspiration. 


Similar minerals 

Talc is closely related to two other silicate minerals, 
willemseite and minnesotaite. The chemical 
composition of all three minerals is very similar, but 
willemseite also contains nickel while minnesotaite 
also contains iron. 


Tests and treatment 

Talc is fairly easy to recognise because of its extreme 
softness and evident greasiness. Reddish surface 
impurities are common and may be removed by 


wiping with a cloth dipped in dilute acid. 


4 The six-sided shapes 

of these green crystals of 
talc are unusual. This 
specimen is from Brosso 
(Italy). The associated 
black mineral is magnetite 
(iron oxide). 


v This scaly mass of 
brown talc was found 
near Sondrio (Italy). Talc 
is always fairly easy to 
recognise because of its 
greasy appearance and 
extreme softness. 


Talc is a secondary mineral which forms through the 
alteration of basic and ultrabasic rocks containing 
olivine, pyroxene and amphibole. It is found mainly 
in rocks that originally formed through igneous 
activity deep beneath the surface of the Earth 
(igneous rocks), and also forms through the 
metamorphic alteration of dolomitic sediments. 
The world's main talc deposits occur in the... 
following locations: Zillertal (Austria); The Lizard, 
Cornwall (England); Shetland (Scotland); Barberton 
(South Africa); and California, Pennsylvania and 
Vermont (USA). h E 


| 


Kurnakovite is 

a rare borate 

mineral found 
in arid areas with 
other borates. It is 
dimorphous with 
another borate 
mineral, inderite. 


J. urnakovite was 
originally named in 
1940. It was first found 
in Kazakhstan, and named after 
N.S.Kurnakov, a Russian 
mineralogist. 

Kurnakovite forms crystals 
in the triclinic system. These are 
often very large and can measure 
over 60cm across. Such crystals 
have been found at Boron, Kern 
County and Death Valley, 
California, USA. 

With a hardness of only 3 on 
the Mohs Scale, kurnakovite can 
be marked easily with a steel 
knife blade and also with a coin. 
Its specific gravity of around 1.8 
is very low — much lower than 
the average for rocks and 
minerals in the Earth's crust. 

It is a colourless mineral with a 
vitreous (glassy) lustre, but on 


exposure to the atmosphere a FACT FILE 
white surface coating may appear. 
KURNAKOVITE 


Group: Borates 
Crystal system: Triclinic 


A dimorphous pair 
When two minerals have the same chemical 


A This crystal of 


composition but crystallise in different systems, Chemical formula: MgB;0;(0H);.5H,0 kurnakovite was 
they are said to be dimorphous. Hardness: 3 found near the 
Kurnakovite and inderite both have the same Density: 1.83-1.86 town of Boron, 
chemical composition. They contain magnesium, Cleavage: Distinct California (USA). 
boron, oxygen and hydrogen in exactly the same Fracture: Conchoidal The parallel lines 
proportions. However, kurnakovite forms crystals Colour: Colourless visible along the 
which have the symmetry of the triclinic system, Streak: White surface of the 
while inderite has crystals classified in the Lustre: Vitreous to pearly mineral are 
monoclinic system. Thus these two minerals Fluorescence: None traces of 
are said to be a dimorphous pair. cleavage planes. 


KU 


A Crystals of kurnakovite 
displaying a distinctive 
pearly lustre. 


CHARACTERISTICS 


Kurnakovite is a member of the borate group of 
minerals. Each molecule contains the chemical 
elements magnesium, boron, hydrogen and 
oxygen, and there are also five attached molecules 
of water of crystallisation. 

Crystals of kurnakovite conform to the triclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other or at right 
angles to any of the others. The mineral often 
takes the form of compact masses which may 
appear to be cubic. 

If a crystal of kurnakovite is broken or subjected 
to pressure, it will split easily along its weakest 
surfaces. These surfaces, which are known 
scientifically as planes of cleavage, are often 
readily visible to the naked eye. 
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A specimen of kurnakovite showing a glassy sheen 


itreous lustre) on the upper part. The increased 


translucency of the lower part is the result of its 
exposure to oxygen in the air. 


ORIGINS and DISTRIBUTION && 


Kui nakovite is found only in regions which are now - 


or Once Were - deserts. It occurs in borate deposits 
which form through the evaporation of salt water in 
enclosed basins in very dry and harsh climates. 
Kurnakovite was first identified in the Inder Valley 
in Kazakhstan, and specimens from this locality now 
provide the standard with which all new finds are 
compared. Another major source of this rare mineral 
occurs in Anatolia (Turkey). In the USA, there are 
significant occurrences near Boron in Kern County 
and at Furnace Creek in Death Valley (California)... 


Mordenite 


Mordenite is 
one of the 
EE most abundant 
members of the zeolite 


group of minerals. 


ordenite is a colourless or 

white mineral, but may 

be stained pink or yellow. 
It was first identified in the latter 
part of the 18th century, but was 
not classified as a distinct mineral 
until 1864. It is named after the 
locality in which it was first 
discovered, Morden, in King's 
County, Nova Scotia, Canada. 
Mordenite is sometimes known by 
the alternative name of ptilolite. 


Zeolite minerals 

Zeolites are all silicates. Mordenite 
is a zeolite and belongs to an 
extensive group of minerals which 
form in cavities in lava, especially 
basalt. Zeolites have water of 
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A Mordenite on a 
base (matrix) of 
volcanic rock from 
Ossilo, Sassari 
(Italy). 


< Needle-shaped 
(acicular) crystals 
of mordenite on 
volcanic rock 
from Cape 
Lookout, 
Tillamook County, 
Oregon (USA). 


crystallisation molecules attached to their chemical 
structure. Mordenite has seven such molecules and is 
a hydrated silicate of calcium, sodium, potassium and 
aluminium. The water in zeolites may be removed by 
heating and then taken up again when the mineral 
cools, a process called reversible dehydration. 

Mordenite forms crystals classified in the 
orthorhombic system of symmetry. These are usually 
acicular (needle-shaped) and occur in aggregates 
which resemble masses of cotton. Mordenite may 
also have the appearance of porcelain. Mordenite is a 
moderately hard mineral, scoring between 4 and 5 on 
the Mohs Scale of hardness, and its specific gravity is 
below average at 2.12. 


SS mineral | 


FACT FILE 


MORDENITE 


Group: Silicates 


Crystal system: Orthorhombic 

Chemical formula: (Ca,Na; K;)Al;Si;05,.7 H;0 
Hardness: 4—5 

Density: 2.12 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless or white 
Streak: White 
Lustre: Vitreous to silky 


Fluorescence: None 


<4 Needle-shaped (acicular) crystals of mordenite 
from Sassari (Italy). 


Mordenite is a member of the silicate group of 
minerals, of which zeolites are a subgroup. Each 
molecule contains the metallic elements calcium, 
sodium, potassium and aluminium, together 

. With the non-metals silicon and oxygen. In addition, 
. there are seven attached molecules of water of 

. crystallisation. 

Crystals of mordenite conform to the 
orthorhombic system of symmetry in which all three 
crystallographic axes are unequal in length but are 
. atright angles to each other. The crystals commonly 
. appear in needle-like (acicular) shapes but may also 
sometimes resemble tiny coffins or rosettes. 
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ORIGINS and DISTRIBUTION &€ 


à lordenite is commonly found in cavities and veins, 
and sometimes also in marine sediments and dykes 
where glassy volcanic rocks have been altered by 
the persistent action of sea water. It is often found 
in association with analcime, stilbite, heulandite, 
opal and quartz. 

Mordenite is a widespread mineral, found in 


many locations worldwide, including British 
Columbia and Nova Scotia (Canada); Poona (India); 
Sardinia, Nuoro, Trento and Vicenza (Italy); the 
Auckland peninsula (New Zealand); and the Ural 
Mountains (Russia). In the British Isles it occurs on 


the Isle of Arran (Scotland), while in the USA _ 
the main occurrences of mordenite are in Rock 
Creek (Washington State) and the ppeciod pa 
Mountains (Wyoming). 


4 White crystals of mordenite 
from Stevenson, Washington 
State (USA). 
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Pyroaurite is a rare mineral ; i 

which was first identified qeu E Y Brownish white pyroaurite 

M : pod ’ on a base (matrix) of marble. 
in Sweden. It IS almost E ^ LEES This specimen was found near 
indistinguishable from Que» iT Vicenza (Italy). 


the chemically identical 
mineral sjógrenite. 


he colour of pyroaurite is highly 
variable: it may be yellow, brownish 
white, silvery white, greenish or 
colourless. Its name is derived from a 
combination of the Greek word pyr, 
meaning ‘fire’, and the Latin word 
aurum, meaning ‘gold’: this is a 
reference to the fact that the mineral 
changes to a yellow colour when it 
is gently heated. Pyroaurite was 
originally identified in Sweden but 
has since been located in many 
other countries as well. Some 
localities contain specimens of the 
almost identical carbonate mineral 
called sjógrenite. 
Pyroaurite was first identified 
as a distinct mineral in 1865 by 
the Swedish mineralogist L.J. 
Igelstróm. Although basically 
it is a hydrated carbonate of 
magnesium and iron, this mineral 
may also contain up to 5 per cent by 
weight of manganese oxide (chemical 
formula MnO). 
wy COE s : € 
Similar mineral = FACT FILE 
Pyroaurite has exactly the same T c 
chemical formula as sjógrenite and cS Ex PYROAURITE 
the two minerals may be almost MAG: B. Group: Carbonates 
identical in external appearance. In v SOR Crystal system: Trigonal 
scientific terms, therefore, they are fied} Chemical formula: MgsFe2C0;(0H)is.4H:0 
said to be dimorphous. (For a more Hardness: 27 
detailed description of this and other forms of Density: 2.12 
the phenomenon known as polymorphism, Cleavage: Perfect 
see Discovery 55.) Fracture: Uneven 
Colour: Yellow, brownish white, silvery white, greenish, colourless 
Crystal shapes Streak: White or yellowish 
'The essential difference between the two minerals Lustre: Vitreous to waxy 
lies in their crystallography: sjógrenite conforms to Fluorescence: None 
the hexagonal system of symmetry, while crystals 
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of pyroaurite belong to the 
trigonal system. Sjógrenite 
was originally identified in 
1940 and named after 
another Swedish mineralogist, 
Hjalmar Sjógren. 


Tests 

Pyroaurite is highly soluble 
in acids and, while becoming 
so, it gives off an effervescent 
fizz. Unfortunately, sjógrenite 
also dissolves in the same 
way and thus the only 
conclusive method of telling 
the two minerals apart is 

by crystallographic analysis 
under a high-powered 
microscope. 


> Despite the range of 
colours, this specimen is 
made up entirely of 
pyroaurite (Pasubio, Italy). 


Y A specimen of the classic 
yellow form of pyroaurite 
(Italy). This colour can be 
enhanced by gentle heating. 


MINERALS 


ORIGINS and DISTRIBUTION 


Pyroaurite is found in serpentinite, a rock which originally formed 

through igneous activity deep beneath the surface of the Earth (igneous 

rock). It also occurs in mineral veins which have been altered by warm water 
(hydrothermals). It is frequently found in association with other carbonate 
minerals, including aragonite, calcite, hydromagnesite and hydrotalcite, and also 
with brucite (magnesium hydroxide). 

Pyroaurite was first discovered at Långban in Värmland (Sweden), and 
specimens from this source are used as the standard with which later finds are 
compared. Pyroaurite is also found in the following locations: Australia; Styria 
(Austria); Greece; Sardinia and Vicenza (Italy); Japan; Morocco; Russia; the 
Shetland Islands (Scotland) and Lancaster, Pennsylvania (USA). 


CHARACTERISTICS 


Pyroaurite is a member of the carbonate 
group of minerals. Each molecule contains 
the metallic elements magnesium and 
iron, together with the non-metals carbon, 
oxygen and hydrogen. In addition, there 
are four attached molecules of water of 
crystallisation: pyroaurite is thus defined 
as a hydrated mineral. 

Crystals of pyroaurite conform to the 
trigonal system of symmetry and typically 
occur in table-top shapes of widely varying 
thicknesses. Fibrous forms may also 
be found. 

If crystals of pyroaurite are broken, 
they will split easily along their weakest 
structural planes: in scientific terms, the 
mineral is said to display perfect cleavage. 

Pyroaurite is a very soft mineral, 
scoring only 27 on the Mohs Scale of 
hardness, and specimens may be easily 
scratched with a coin. 
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On the mineral trail: 
Madagascar 


With an area of 
587,041 sq. km, 
Madagascar is the 
world’s fourth 
largest island after 
Greenland, New 
Guinea and Borneo. 
The Republic of 
Madagascar, 

which achieved 
independence 

from France in 1960, 
comprises the main 
island of Madagascar 
and several smaller 
islands. It is situated 


Mozambique Channel 


in the Indian Ocean 
and is separated 
from Africa by 

the Mozambique 
Channel, which 

is 1490km long 


and 1005km wide. 
i, he island of Madagascar may be roughly 
divided into three parallel geological zones 

running from north to south. The mineral-rich 
mountainous plateau which dominates the centre of 
the island is flanked to the east by a narrow coastal 
strip and to the west by an extensive zone of low 
plateaux and plains. 

Three of the mountain masses (massifs) on the 


central plateau reach up to 2000m. The Massif de 


BAS OF MADAGASCAR 


Indian Ocean 


Major mineral 
deposits 


Tsaratanana in the north is separated from the rest of 
the plateau by the Ridge of Androna whose volcanic 
summit is the highest point on the island at 2876m. 
The Ankaratra Mountains in the centre of the island 
are another enormous volcanic mass whose summit, 
Tsiafajavona, rises to 2643m. 

Further to the south lie the Andringitra Mountains, 
a granite massif situated between the southern districts 
of Betsileo and Bara. The central plateau and the east 


coast of Madagascar are mainly composed of gneiss, a 
granite-like metamorphic rock. Granite is also to be 
found here. Red earths give Madagascar its colloquial 
name of the ‘Great Red Island’. 


Valuable minerals 
Early settlers on the island were disappointed in their 
hopes of finding large quantities of precious metals. 
At the end of the 19th century, however, some gold 
was mined by French prospectors (the French had 
colonised the island in 1896), but the deposits were 
much less significant than those found in nearby 
South Africa. 
Minerals suitable for ornamental use are 
found throughout the island, but they are of little 
economic importance because they occur only in 
small quantities. Those found in Madagascar include 
aquamarine and columbite, a black mineral that is 
the main commercial source of niobium, a metal 
used in the construction of nuclear power plants. 
Large deposits of graphite have been found in 
several areas. Micas such as muscovite and biotite are 


«An eroded limestone cliff face near 
Moramanga in the central massif of 
Madagascar. 


found in the southeast of the island, 
together with small deposits of uranium. 
Chromite is found to the north of 
Toamasina and around Antananarivo. 
IIImenite, an opaque black to 
brownish-red mineral, is found on 
Madagascar east coast near Fenerive. 
Deposits of bauxite and monazite have 
been discovered near Faradofay, and 
small quantities of copper have also 
been located to the north of Ampanihy 
and in the region of Ambilobe. There 
are, in addition, scattered deposits 
of zircon, uranothorianite, bentonite 
and alunite. 


Mining and quarrying 

Mining and quarrying are not yet highly 
developed on the island, so Madagascar's 
minerals are still only extracted in 

small quantities. The most significant 
products to be mined so far are graphite, 
mica, monazite, quartz, garnet and 
amethyst. The mining of chromite 
began in 1969 in the Andriamena 
region and now accounts for 
approximately 50 per cent of the 
country's mineral export earnings. 

Less valuable amounts of gold, 
citrine, ilmenite, columbite, chromite, 
gem-quality zircons and jasper are 
mined. Tourmaline is also found, but 
seldom in large quantities. 

Bitumous coal is located in three places — around 
Antsirabe, north of Tulear, and inland from Besalampy. 
Limestone, nickel and iron ore are found near 
Moramanga and Fianarantsoa in the east. 


Y A pile of quartz being sorted by 
workers in the Madagascan capital 
of Antananarivo. 


borates 


Borate minerals are naturally occurring compounds of boron and oxygen. 
Many borates form through the evaporation of saline water. They are often 
found in arid regions, particularly in inland drainage basins. 

Below are some of the common borate minerals. 


Borax 

Borax forms in soft, light-coloured crystals. It 

has a wide range of uses in industry, notably as a 
component of glazes for glass and ceramics, as a flux 
in soldering and welding, as a fertiliser additive, a 
water softener, a disinfectant and a mouthwash. 

In addition to being a naturally occurring 
mineral, borax can be obtained artificially through 
the chemical reduction of other borates, notably 
colemanite, kernite and tincalconite. More than half 
of the world's supplies of borax come from the desert 
regions of southern California, USA. Other major 
sources are in Kashmir and Tibet. 


A A mass of white, prismatic crystals of borax. Borax is 
a hydrated sodium borate. 


> Pale coloured, prismatic colemanite crystals. 


Colemanite 

Colemanite — a borate of calcium — is one of the 
principal sources of boron, a metallic element which 
is never found on its own in nature and must always 
be extracted from other materials. Boron is highly 
resistant to heat and is therefore used to make the 
glass for chemical apparatus and for kitchenware such 
as heat-proof dishes. The world’s most important 
deposits of colemanite are found in Argentina, 


Kazakhstan, Turkey and the USA. 


Kernite 

Each molecule of this borate of sodium has three 
attached molecules of water of crystallisation. Its 
crystals are colourless and transparent, and may grow 
to enormous sizes: the largest ever found measured 
240 x 90cm and some specimens are over 60cm 
thick. The finest deposits of this mineral are found 
in Argentina and in Kern County, California (USA), 


the location from which it takes its name. 


Ludwigite 

Ludwigite is a borate of magnesium and iron. The 
mineral rarely forms crystals but when these do occur 
they are classified in the orthorhombic crystal system. 
Ludwigite more often occurs in granular aggregates or 
fibrous masses. It is moderately hard, scoring 5 on 

the Mohs Scale of hardness, and its specific gravity is 
3.9. It is formed at high temperatures by contact 
metamorphism, where rocks are changed by the heat 
from magma or lava. Ludwigite is a widespread 
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Borates 


DISCOVERY 


v A rare prismatic crystal of 
kernite. This borate mineral 
usually occurs in non-crystalline 
(massive) habit. 


A Sinhalite, one of the few borate minerals to 
be cut as gemstones. 


mineral and occurs in much of China, Japan, 
Norway, Romania and the USA. 


Sinhalite 

For many years, sinhalite was taken to be a 

brown form of peridot (the gem-quality variety of 
olivine). It was not until 1952 that scientists finally 
established it as a borate of magnesium, aluminium 
and iron. The name sinhalite comes from Sinhala, 
the Sanskrit for Sri Lanka; the gem-bearing gravels 
of this island are the only source of gem-quality 
specimens. 


Sussexite 

Sussexite can be white, pink or yellow, and its 
crystals conform to the orthorhombic system. It 

is named after Sussex County, New Jersey (USA), 
where some of the finest white or yellow crystals have 
been found. Among the other principal locations 

are Kochi Prefecture (Japan), the Gonzen Mine 


(Switzerland) and Iron County, Michigan (USA). 


Ulexite 

This mineral is a hydrated borate of sodium 

and calcium, and commonly forms as elongated, 
acicular (needle-like) crystals. These occur in bundles 
with a fibre-optic property, allowing images to be 
transmitted through them. This feature has given 
rise to its alternative name ‘television stone’. Ulexite 
is very soft, measuring 2% on the Mohs Scale of 
hardness, and its specific gravity is only 1.95, far 

less than average. Ulexite forms in dried salt 

lakes (evaporite deposits) and is found mainly in 
Argentina, Chile, Peru, Russia, Turkey and the USA. 
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Soil is the accumulated material at the Earth's surface formed from weathered rock 
and organic matter. The type of soil that occurs in any one place is closely related to 
the underlying rock, the slope of the ground and especially the climate. 

Soil is of paramount importance to life on land. Plants, which produce and store 
energy and are the base of food chains, rely on soil for their existence. 
Without soil there would be no forests, which absorb carbon dioxide and supply 
us with life-supporting oxygen. 


ll soil is essentially a mixture of tiny particles of 
nv mineral material and organic, largely 

vegetable, matter. Its depth may vary from a 
few millimetres to several metres. Beneath the soil, but 


above the underlying bedrock, is a layer of shattered 
and partly weathered rock known as the subsoil. 


Soil profile 

A vertical section sliced through the Earth from the 
outer layer of topsoil, through the subsoil, down to the 
bedrock is known as a soil profile. Within this section, 
the distinct horizontal layers are known as the master 
horizons, and these are divided by geologists into 
horizons ‘A’, ‘B’, ‘C and ‘R (or ‘D’). 

Horizon ‘A’ (the topmost layer) is made up of the 
most weathered soil and contains the greatest quantity 
of organic matter — plants, shrubs and living creatures 
such as maggots and worms. Most importantly, it also 
contains their remains. 


A A handful of humus, the decayed organic material 
that provides most of the nutrients in soil. 


AA Soil is essential for life on Earth. Here a field of 
arable land has been ploughed prior to sowing a crop. 


qase 
o The lower levels of horizon Æ contain fewer rapid: the amount of organically derived soil in any 
o 


chemical elements than the upper levels. This is location can be doubled in as little as five years. 
because of a form of chemical weathering known The inorganic part of any soil may be derived 
as leaching. from the underlying bedrock or it may have been 


transported by wind or water from a different 
location. Thus the composition of topsoil does not 


Leaching mainly occurs when acidic substances necessarily give a reliable indication of the nature of 
dissolved in rain water percolate through the topsoil the underlying bedrock. There is, however, always a 
and break down its geological components. A typical very close relationship between soil, vegetation and the 


example of this process is the alteration of limestone by prevailing local climate. 
water containing dissolved carbon dioxide. 

Intensive leaching removes most chemical elements 
from the soil: the main exceptions to this rule are 
aluminium and iron, which remain as hydrated oxides 
in the form of the minerals laterite and bauxite. 


‘B’ horizons contain material accumulated from the 
layer above them; being lower than ‘A’ horizons, they 
tend to be less weathered. ‘C’ horizons contain the 
parent material from which horizons ‘A’ and ‘B’ are 
often formed. Finally, the ‘R? horizon is made up of 
unconsolidated rock. 


The most important mineralogical constituent of any 
soil is clay, which is formed by the weathering of 
feldspars and other silicates and by the leaching of 
silica. The next most important component is organic 
matter, which is transformed into a material known as 
humus. This process, known as humification, is very 


The quality of the soil 
determines the kind of 
crops that can be grown 
on it. Here rows of green 
and red curly-leaved 
lettuces thrive in a 
market garden. 


A rain forest in Costa 
Rica. In tropical regions a 
rich top soil combines 
with the climate to 
produce lush forests 
like this, which are 
instrumental in supplying 
the Earth's atmosphere 
with essential oxygen. 
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Sulphur - a bright yellow 
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This gem variety of 

chalcedony is similar to 

agate but generally has 
straight, rather than concentric, bands. 


nyx is distinguished from other forms of 

chalcedony by i its distinctive parallel banding. 

Tradition: ally, this is white alternating with 
black or grey, but some forms of onyx may have white 
and dark brown banding. The most valuable onyx 
specimens display clearly delineated, alternating 
straight stripes of black and white. Another form of 
chalcedony, with reddish and white stripes, is known 
as sardonyx. 


A close relation 

Onyx, being a form of chalcedony, is closely related 
to agate, another gem material used in jewellery and 
ornaments. Chalcedony is made of cryptocrystalline 


FACT FILE M 


ONYX 


Group: Oxides banded specimen 


Crystal system: Trigonal 


Chemical formula: SiO; 
Hardness: 67 

Density: 2.61 

Cleavage: None 


born in February. 


Y A specimen 

of onyx clearly 
showing straight, 
parallel banding. 


Fracture: Conchoidal 

Colour: Mainly black and white bands 
Streak: White 

Lustre: Vitreous to waxy 


Fluorescence: None 


> A grey and white 


of onyx. Onyx is the 
birthstone for those 


GEMSTONES 


4 A specimen of onyx 
showing typical white 
and dark brown 
banding, from a 
private collection. 


silica. This is composed 
of minute crystals, which 
are only visible under the 
microscope, that form an aggregate. It is the banding 
of onyx that has made it valuable as a gemstone and it 
has been cut into all manner of das including 
beads, necklaces, pendants, chess pieces and figures. 


False colours 

Not all the material that is sold as onyx is the genuine 
article. Some of it is low-grade agate that has been 
artificially stained to improve its appearance and hence 
increase its price. The colour enhancement is usually 
achieved by boiling the stones in honey, oil or sugar 
water, which permeate their interior and darken it; the 
colour is then made fast by boiling the stones in 


ORIGINS and DISTRIBUTION &€ as 
Onyx is found in basalt and other lavas, where it 
usually lines cavities (geodes). 

Chalcedony, of which onyx is a variety, forms 
in many different geological situations and can 
be found in a wide variety of rocks. It is a low 
temperature form of silicon dioxide and much of 
it occurs in vesicles and geodes - hollows in lava, 
especially basalt. These hollows are the spaces where 
gas bubbles existed when the lava was molten. Onyx 
and agate are deposited from solutions in such 
hollows, initially around the margins, and gradually 
building up in bands towards the centre. 

The best-quality onyx specimens come from India 
and Brazil. Onyx has also been found in significant 
quantities in Afghanistan, Madagascar, Mexico, 
Pakistan, Peru, Uruguay and California, USA. 


Semi-precious stone 


CHARACTERISTICS FA 


4 An uncut specimen 


of sardonyx, the red and i Onyx is a cryptocrystalline form of quartz (silicon z 
white variety of onyx. dioxide) and has many of the same properties as that 
member of the oxide group of minerals. Despite its 

sulphuric acid. Such treatment is difficult to identify hardness (Mohs Scale 6%), onyx is quite easily chipped, 

without the use of scientific equipment to which few so care must be taken not to store pieces where they 

amateur mineralogists have access. However, as a rule might knock against each other. 

of thumb, it is safe to assume that most gem-quality Onyx is quite susceptible to discoloration if 

onyx has been subjected either to this process or to attempts are made to clean it with abrasives or 

something very like it: there are almost certainly far ultrasonic equipment. Its high porosity makes it easy 

more stones named onyx in circulation than have ever to colour by artificial means. 

been found. Onyx has no cleavage and displays conchoidal 
Other so-called onyx may really be banded calcite fracture - that is, when it is broken, it will splinter and 

(calcium carbonate). While superficially similar, these the breaks display whorl-like patterns that resemble 

two minerals are in fact quite easy to tell apart, because the curves of a seashell. 


genuine onyx is hard (scoring 6% on the Mohs Scale) 
whereas calcite, with a rating of only 3, can be 
scratched with a fingernail. Banded marble is 4 An antique cameo 
brooch, featuring 

Y Specimens of black onyx, which is diamonds and onyx. 
thought to have a calming effect on the 
wearer during times of stress. 

also sometimes polished 


and passed off as onyx. 


Black onyx 
Some of the material 
described as onyx is all 
black — much of this is a 
product of dyeing, because the 
stone is normally varicoloured. 
Onyx is usually cut as cabochons or 
polished into beads. Older — particularly Victorian — 
pieces may be found in cameo or intaglio brooches. 
Although not all onyx is valuable, a specimen of it 
is a desirable addition to a mineralogical collection. 
Poorer quality onyx is sometimes used as a mild 
industrial abrasive. 


‘Coral 


Coral is made from the 
ERU skeletal remains of sea 
A creatures called coral polyps. 
It is used as a gemstone. 


<A cabochon 
of coral. 
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here are two main varieties of coral. The blue, 

pink, red, and white forms are composed 

mainly of calcium carbonate, while the black 
and golden varieties are formed from a horn-like 
substance called conchiolin. Red coral is the most 
valuable and is widely used in jewellery. 

Most coral consists of the skeletons of sea 
creatures called polyps. Polyps have hollow, 
cylindrical bodies and belong to the zoological class 
Anthozoa. Although some coral genera, such as 
Caninia, live alone, they more often congregate in 

[5] extensive colonies. They grow on top of each other 
and eventually build up into reefs and atolls. 


Form of limestone 


Coral grows by extracting dissolved calcium A A fine specimen of red coral (Corallium rubrum, 
carbonate from the surrounding water and the most valuable form of this gem) being polished 
converting it into a hard protective structure. and shaped by a skilled craftsman into an ornament. 
Calcium carbonate is also the principal component High-grade coral is also very popular as beads; 

of limestone, aragonite and calcite. In this way, coral smooth, domed cabochons and brooches with 
grows at a rate of between 0.5 and 2.8cm a year. raised designs (cameos). 


CHARACTERISTICS tfi 


Coral is formed from the skeletal remains of a living 
organism and as such its exact chemical make-up is 
too variable for it to be classified in any of the 
established mineral groups. Most specimens are 
made of almost pure calcium carbonate. 

The most valuable red coral is dull when it is 
first removed from the sea but it becomes highly 
reflective when it is polished as a gemstone. 

The value of coral as a gemstone is limited, 
since it is very sensitive to heat and may fade when 
subjected to everyday wear and tear. It is also fairly 
soft, scoring only 27-4 on the Mohs Scale of hardness: 
it can be scratched with the edge of a coin. 

When coral is exposed to the radiation emitted by 
an ultraviolet lamp, it may display a distinctive red, 
pink or whitish light of its own. The scientific name 
for this effect is fluorescence. 


A A piece of white coral from Japan. 


GEMSTONES 


Other forms of coral 
Some coral is made from a substance called 
conchiolin. This is a fibrous protein which is 
also contained in seashells. 

There are in total more than 2000 
different species of coral. Coral may form 
at any depth, from the shallowest shoreline 
to nearly 6000m. 


Great Barrier Reef 

Coral covers about 600,000 sq km of the 

Earth. The largest single coral structure is the 
Great Barrier Reef off the eastern coast of Australia. 
This reef is over 2000km long and is visible from 
the Moon. 

Recently, cold water corals have been found 
building large reefs on the Darwin Banks in the 
North Atlantic. These corals are much under threat 
from deep sea trawling which devastates the sea bed. 
Cold water corals also thrive in Norwegian fjords. 

Coral reefs are a very threatened ecosystem. 

In the past, large amounts of coral have been 
plundered for jewellery and ornaments, damaging 
certain reef systems. Coral reefs are also under great 
threat from sea temperature changes resulting from 
global warming. 


A Rough and polished 
specimens of red coral. 


» An ornamental mirror 
with red and white coral 
surrounds. 


A Coral cameos. 
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ORIGINS and DISTRIBUTION € 


Most coral si in shallow, tropical waters 
that lie be Een boii 30° north and 30° south of 
the Equator. km | 
.. The precious red and pink forms of coral are 

found around the coasts of Japan, in the 
Mediterranean Sea, around the coasts of Africa, in 

the Red Sea and in Malaysian waters. 

The world's most important sources of black and 
golden coral are found off Australia, in the Caribbean 
Sea, in the Indian Ocean and around Hawaii and 
other islands of the Pacific Ocean. d 

The blue form of coral is found in the equatorial -~ 
waters of the Atlantic Ocean Off the coast of the 
west African state of lw" 


a 


Melilite is an intermediate 
member of a small group of 
silicates which form a series 
with akermanite and gehlenite as its 
end-members. 


elilite group minerals are silicates of 

calcium, aluminium and magnesium. 

Akermanite is composed of magnesium and 
calcium and the other end-member, gehlenite, is made 
of calcium and aluminium silicate. 


Similar properties 
Melilite group minerals have certain properties in 
common. They have a similar colour, ranging from 
colourless to greyish, green and brown, though 
gehlenite may be yellow. They are classified in the 
tetragonal crystal system and have short, prismatic 
crystals, though they can also occur in massive 
(shapeless) and granular habits. 


‘MINERALS 


Melilite group minerals are silicates and so belong 
to the largest group of minerals found in the Earth's 
crust. They contain magnesium, calcium and 
aluminium combined with silicon and oxygen. 
These minerals are classified in the tetragonal 
system of crystal symmetry in which the three 
crystallographic axes are at right angles to each 
other and only two are equal in length. Typical 
crystals are prisms which can resemble extended 
cubes. They are moderately hard minerals 
(5-6 on the Mohs Scale of hardness) and of average | 
density (about 3.0). | 


A Honey-coloured, 
pseudo-cubic crystals 
of melilite. 


4 Brown crystals of 
melilite in association 
with the phosphate 
apatite and the silicate 
nepheline (Rome, Italy). 
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A Melilite in a cavity of volcanic rock from the slopes 
of Mount Vesuvius (Italy). 


These minerals are moderately hard, scoring 5—6 
on the Mohs Scale of hardness. The end member 
akermanite has a specific gravity of 2.94 while that 
of the other end member, gehlenite, is 3.038. All the 
melilite minerals have a distinct cleavage and their 
fracture is conchoidal or uneven. 


A Brown crystals of melilite from Rome (Italy). The dark 
mineral with which it is associated here is nepheline. 


4 Crystals of melilite and silicate nepheline (Rome, Italy). 


ORIGINS and DISTRIBUTION & 


The melilite group minerals form in calcium-rich 
basic lavas. They also occur in impure limestones 
which have been metamorphosed by heat (contact 
metamorphism). It is interesting to note that these 
minerals are also found in man-made material such as 
slag from blast furnaces and artificially made melts. 

Melilite group minerals occur in many parts of the 
USA, including California, Colorado and New Mexico. 
They are also found in Canada, Ireland, Israel, Italy, 
Japan, Java and Russia. 


Sulphur is a non-metal with 

a wide range of industrial 

uses. It is often found near 
volcanic vents and hot springs. 


( Y ulphur is usually a bright lemon-yellow colour, 
| à but some specimens may be brownish. It was one 
| AJ of the first minerals to be identified, and is 
| referred to in the Bible as ‘brimstone’. 

Although sulphur has been used in a wide range 
of applications for thousands of years, it was not until 
1777 that the French chemist Antoine-Laurent Lavoisier 
(1743-1794) proved that it was a native element. 


Sulphur has a wide range of industrial applications. 
One of its main uses is in the production of sulphuric 
| acid (chemical formula H5SO,), which is then used to 
make detergents, fertilisers, paints and pigments. One 
form of the element, a yellow powder known as 


A Bipyramidal crystals of sulphur from Perticara 
(Urbino, Italy). 


flowers of sulphur, is obtained by sublimation and 
used as a plant fungicide. Sulphur is also an 
important component in the vulcanisation 
(strengthening) of rubber. 


Notable examples 
Some sulphur crystals grow to enormous sizes. One | 
of the largest ever found measures 22 x 16 x 11cm 


SULPHUR 


Group: Native elements 


Crystal system: Orthorhombic 
Chemical symbol: S 
Hardness: 1/—27 

Density: 2.0-2.1 

Cleavage: Poor 


Fracture: Conchoidal to uneven 


Colour: Yellow or brown 
Streak: White 
Lustre: Resinous 


Fluorescence: None 


4 Bipyramidal 
crystals of sulphur 
from Cozzodisi 
(Agrigento, Italy). 
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Native element 


Sulphur may occur on its own in nature, 
uncombined with any other element, and is 
therefore categorised as a native element. It is one 

| of the most reactive elements, and combines readily 
| with other elements to form a wide range of 

| sulphate and sulphide compounds. 

Crystals of sulphur conform to the orthorhombic 
system of symmetry, having three crystallographic 
axes which are unequal in length but are all at right 
angles to each other. They often have tabular or 
bipyramidal shapes, but sulphur may also take the 
form of powdery crusts. 

Sulphur can be readily recognised by a number of 
distinctive features. As well as its crystal habit, its 
yellow colour is almost unmistakable. This colour 
may be pale or even brownish at times, but is usually 
a very bright yellow. Sulphur is a soft mineral and at 
1% to 27^ on the Mohs Scale of hardness it can be 
easily scratched with a fingernail. Also, sulphur has a 
lower than average density at about 2.0, making 
specimens feel less heavy than expected. 


and weighs about 5kg. This amazing specimen was 

originally found at Perticara (Urbino, Italy) and is 
c 4 * 3 . d 

now on display in the Natural History Museum 


in Milan. 


Among other large specimens is a crystal 


measuring 14 x 13 x 8cm which was found in a mine 


at Cianciana in Sicily (Italy): this piece now forms 
part of the mineralogical collection of the American 


Museum of Natural History in New York (USA). 


A Brown crystals of sulphur from Perticara, 
Urbino (Italy). 


A Sulphur crystals with 
crystalline calcite (calcium 
carbonate) on limestone 
(Sicily, Italy). 


4 A single yellow crystal 
of sulphur on marble 
(Carrara, Italy). 


Tests and treatment 

Crystals of sulphur are very delicate and it is chus 
inadvisable to clean them. The element is extremely 
sensitive to heat: it melts at temperatures as low as 
113°C, and may crack in bright sunlight or even in the 
warmth of a human hand. Sulphur is insoluble in 
water and acids. 


volcanoes and is thus generally found in the form of 
encrusting masses around volcanic fumaroles and 
vents. When it cools, it often goes straight from 
gaseous to solid form without going through the 
usual intermediate liquid stage - the scientific term 
for this process is sublimation. The element may also 
form in association with evaporite deposits, 


particularly salt domes. 


The finest crystals of sulphur are found in Italy, 
most notably at Girgenti in Sicily and in surrounding 
areas. The element is also common in Iceland, Japan 
and the Andes mountain range along the West coast 
of South America. The main industrial deposits are 
found in Hawaii, Louisiana and Texas (USA), which 
together produce about four million tonnes of 

sulphur à year. 


Thenardite is an evaporite 

mineral which is found 

in dried-out salt lakes in 
desert regions and around recently 
cooled lava flows. 


henardite is usually whitish but 
may occasionally be brownish, 
yellowish or reddish. It is named 
after Baron Louis-Jacques Thénard 
(1777-1857), professor of 
chemistry at the University 
of Paris. 


Alternative name 
Thenardite was first confirmed 
as a distinct mineral in 1826. It is 
sometimes referred to in old geological 
text books as pyrotechnite, an alternative 
name given to specimens found on Mount 
Vesuvius near Naples (Italy) shortly after 
an eruption there in 1855. 
Thenardite occurs as crystals which 
are classified in the orthorhombic system. 
These crystals may 
be in the form of 
pyramids, sometimes 
with double-ended 
shapes, or in a 
flattened, tabular 
habit. Crystals often 
share a common 
crystal surface, 
producing twinned 
crystals. It also occurs 
as a crust, coating rock surfaces and other minerals. 
Thenardite can exhibit a range of colours from 
greyish-white to reddish, brown and yellowish. When 
a specimen is rubbed against an unglazed porcelain 
tile, a white streak is produced. In common with a 
number of other sulphate minerals, thenardite has a 
low hardness: it scores only 27—3 on the Mohs Scale 
of hardness and so can just about be marked with a 
fingernail and certainly can be scratched with the 
edge of a coin. Its density of 2.66 is about average for 
materials in the Earth's crust. When broken, thenardite 
displays a perfect cleavage with flat, vitreous surfaces. 
It may also break with an uneven fracture. 


A A specimen of yellowish thenardite 
from Arizona (USA). 


4 Twinned crystals of thenardite from 
Searles Lake, California (USA). 


Thenardite is a member of the sulphate group of 
minerals. Each molecule is made up of two atoms of 
the metallic element sodium combined with one 
atom of sulphur and four atoms of oxygen. 

Crystals of thenardite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. They take the 
form of table-top shapes, dipyramids and prisms. 
Many grow together in the phenomenon known 
as twinning. 

If thenardite is subjected to pressure, it will break 
off cleanly along its weakest planes: in scientific 
terms, it is said to display perfect cleavage. 


Widespread i 


"MINERALS 


Medicinal use | 
Thenardite can be used medicinally. Glauber’s salt, 

which is used as a laxative, can be produced by 

adding thenardite to water. Glauber’s salt is a 

hydrated form of sodium sulphate. 


THENARDITE 


Group: Sulphates 

Crystal system: Orthorhombic 
Chemical formula: Na,SO, 
Hardness: 24-3 

Density: 2.66 

Cleavage: Perfect 


Tests and treatment 
Thenardite is very soluble in cold water and 
specimens may take up water from the atmosphere. 
This property can be a nuisance to mineral collectors. 
Specimens of thenardite should be housed in a sealed 
container with a small packet of silica gel crystals to 
absorb atmospheric moisture. 

Thenardite has a slightly saline taste, but it is not 
nearly as salty as halite. 


Fracture: Uneven 


Colour: Whitish, brownish, yellowish, reddish 
Streak: White 
Lustre: Vitreous to resinous 


Fluorescence: None 


> Thenardite crystals in 
a variety of different 
shapes, including 
dipyramidal, tabular and 
prismatic. This specimen 
was found at Lake Boron, 
California (USA). 


v Thenardite twins are 
common. Here, two 
crystals have grown 
together to form the 
shape of a cross (Searles 
Lake, California, USA). 


- Thenardite is an evaporite mineral which forms in 
salt lakes in arid regions and around the fumaroles 
of volcanoes. It is found in association with other 
evaporite minerals, notably glauberite, gypsum, 
halite and sylvite. 

The classic source (type locality) of this mineral is 
at the Espartinas salt lake at Aranjuez near Madrid 
(Spain). Elsewhere, significant deposits have been 
found in the following places: at Caracoles in the 
Antofagasta region and at Aguas Blancas and Salinas 
in the Atacama Desert (Chile); the eastern Sahara 
Desert (Libya); and the northern shores of the 
Caspian Sea (Russia). In the USA, there are thenardite 
deposits at Rio Verde (Arizona), Searles Lake and 

Boron Lake (California) and Rhode Marsh (Nevada). 


Many chemical elements ddkived from 
minerals, metals and rocks are important 
in medical science. Some are administered 
to patients in carefully calculated doses, 
while others are used in various scientific 
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devices which monitor and treat a 
wide range of illnesses. 


any of the chemical elements found 

in minerals are essential to the human 

metabolism and the healthy functioning 
of the body. Among the most important of these 
elements are calcium, chlorine, chromium, cobalt, 
copper, fluorine, iodine, magnesium, manganese, 
phosphorus, potassium, sodium, sulphur and zinc. 

Healthy people obtain these nutrients from food, 
but when deficiencies occur, it may become necessary 
to restore the correct balance with medicines. 

Since all these elements occur in nature, some 
minerals are prescribed by doctors for internal use. 
Magnesium-bearing materials are particularly 
important in the removal of excess stomach acids and 
are also used as laxatives. Examples include Epsom salts, 
which come from epsomite (magnesium sulphate), and 
milk of magnesia (magnesium hydroxide), which 
occurs naturally in the form of brucite. 

A balanced intake of calcium is vital to human 
health. Calcium deficiency can cause a wide range of 
illnesses, notably porosity and brittleness of the bones 
(osteoporosis). This condition can be prevented and 
alleviated by taking calcium carbonate in tablet form. 

Zincite is naturally occurring zinc oxide. This 
compound is used in certain ointments in which the 
metallic element provides a mild antiseptic quality. 


A specimen of chalk (calcium carbonate), which is used 
to treat calcium deficiency in bones. 


Prolonged exposure to X-rays can be harmful, so 
radiographers wear protective lead aprons while working. 


Some minerals which are dangerous in normal 
circumstances can be enormously beneficial and 
curative when used in calculated doses and mixtures. 
Bismuth — a metallic element obtained from the 


Medicinal uses 


A colour-enhanced X-ray of the inside of a human 
stomach, taken after the patient had been given a 
barium meal to make the internal organs show up in 
the photograph. 


minerals bismuthinite and bismite — is a prime 
example of this type. Although it is basically toxic, 
insoluble compounds are widely used in medicine 
to treat stomach ailments (gastric disorders) and 
skin injuries. 


Over the last hundred years, the rapid 
growth in human knowledge of 
the properties of various 
minerals has led to 

great breakthroughs 
in the diagnosis of 


a wide range of serious afflictions. 

Barium sulphate, for example, which occurs 
naturally in the form of the mineral barite, has 
become an indispensable component of X-ray 
technology. Although barium itself is a deadly 
poison, the sulphate compound is safe to administer 
internally because it is insoluble. It is also opaque to 
X-rays and thus provides a contrast medium in X- 
rays of the stomach and intestines. (Without the 
barium sulphate, the X-rays would shine right 
through the internal organs and the photographs 
would show up nothing but the surrounding bones.) 
Barium sulphate is suspended in water and, in the 
form of the so-called barium meal, administered to 
patients about to undergo internal X-rays. 


Lead, which is obtained from the mineral galena, 
also has an important part to play in X-ray work. It 
protects doctors and other medical workers from the 
adverse effects of prolonged exposure to potentially 
harmful radiation. 


Mercury is normally highly poisonous. However, the 
unique properties of this element — the only metal 
that is liquid at room temperature — make it an 
invaluable aid to assessing a patient’s body 
temperature, and it is therefore widely used in 
thermometers. (Although small quantities of 
mercury occur naturally as native elements, most 
supplies are obtained from cinnabar — mercury 


sulphide.) 


A specimen of 
barite, which is a 
source of barium 
meals. 


Nitrates 
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Nitrates are a small group of about a dozen minerals formed from 
a combination of a metallic element and nitrogen. 
The nitrogen takes the form of a radical with the chemical formula NO3. 
Nitrates are all easily soluble in water. 


ost of the world's major nitrate deposits 

contain not one mineral but a broad range 

of related minerals in association. The 
following are some of the minerals in this group. 


Darapskite 

Darapskite is one of the rarer nitrate minerals, but is 
typical of the whole group. It is mainly found in the 
world's most famous and extensive belt of nitrate 
deposits, the Atacama Desert in Chile, and the 
authenticity of all specimens is measured against 
those found in the type locality at Pampa del Toro 
there. Chemically, darapskite is composed of sodium 
nitrate and a sulphate radical (formula SO4), together 
with an attached molecule of water of crystallisation. 


r: 


A Crystals of darapskite in association with nitratine 
(Atacama Desert, Chile). 


<A columnar specimen of nitratine from Tarapaca (Chile). 


Gerhardite 


Gerhardite derives its attractive emerald-green colour 
from the presence of copper. It is a secondary mineral 
which forms through the alteration by oxygen of pre- 
existent (primary) copper-bearing minerals. The 
classic location is at the United Verde copper mines 
at Jerome, Arizona (USA). Another significant 
occurrence is in Katanga (Democratic Republic of 
the Congo). 


Nitratine 

Nitratine (also known as soda nitre) is sodium nitrate 
(chemical formula NaNO3). It forms as surface 
deposits in very hot, dry regions, notably on 
immense plains in Bolivia, Chile, Peru and the US 
states of California, Nevada and New Mexico. It is 
associated with other nitrates and sulphates, 
including gypsum and halite, but above all with nitre 
(see below). Nitratine is used to make nitric acid and 
is an ingredient of fertilisers. 


Nitre 

Also known as saltpetre, nitre is white potassium 
nitrate (chemical formula KNO 3). It occurs as crusts 
on the surface of the Earth, on walls and rocks and in 


Nitrates 


Nitrate minerals 


Buttgenbachite Cu4sCl4(NOz)2(OH)22.2H20 
Darapskite Naz(NO3)(SO4).H20 
Gerhardite Cu2(NOz)tOH)5 


Humberstonite Na;KzMg»5(SO4)e(NOz)2.6H20 


Hydrombobomkulite (Ni,CUJAl4I(NO3)2(504)(OHJ42.13-14H20 
(Ni, CUJAl4((NO3)2(SO4)I(OH)42.3H20 


Mbobomkulite 


Nickelalumite (Ni, CuJAl4[(SO4)(NOz)2)OH)42.5H20 
Nitratine NaNOz 

Nitre KNO3z 

Nitrobarite Ba(NOz) 

Nitrocalcite Ca(NOz)2.4H20 

Nitromagnesite M9(NO)2.6H20 

Sveite KAI;(NOz)4CI2(OH)465.8H20 


limestone caves in Indiana, Kentucky and Virginia 


(USA). It is also found in certain soils in Egypt, India, 


Iran, Italy and Spain. 
In the late Middle Ages, the demand for saltpetre 


for use in gunpowder was so great that many countries, 


especially France and Germany, built saltpetre 


plantations — also known as nitriaries — which simulated 
the conditions in which the mineral is naturally formed. 
Heaps of decaying organic matter were mixed with lime 


and other alkalis and exposed to the atmosphere. 

Technological advances 
have meant that nitre is 
now less widely used in 
explosives. It was also 
formerly used by doctors to 
treat asthma, but is now 
used only as a diuretic. The 
principal use of this mineral 
today is as a fertiliser. 


Nitrocalcite 
This mineral is composed 
of calcium nitrate, with 
four molecules of water of 
crystallisation. It is found 
on calcium-bearing 
(calcareous) rocks. It is a 
very soft mineral, easily 
marked with a fingernail. 
Nitrocalcite is pale 
coloured, usually being grey 
or white. Like many 
nitrates, it is also of low 
density, weighing only 1.9 
times more than the 
equivalent volume of water. 
Its crystals are classified 
in the monoclinic system, 
but nitrocalcite usually 


> Nitrocalcite from the 
McDonnell Range (Australia). 


A A typical combination of nitratine and nitre. 
Associations like this may also contain gypsum 
(calcium sulphate) and halite (sodium chloride, 
otherwise known as rock salt). All these minerals are 
highly soluble in water and therefore readily 
deliquesce: this makes crystalline specimens rare. 


occurs as a coating or efflorescence on the ground 
surface or on rock surfaces. Synthetically-made 
crystals form as long, slender prisms. Nitrocalcite 
is a widespread mineral: in the USA it occurs in 
Arizona, California, Kentucky and New Mexico. 
It is also found in France, Hungary and Spain. 
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Magnetite is one of the main 

industrial ores of iron. It is a 

member of the spinel group 
of minerals, a subgroup of oxides. 


agnetite is a black mineral which can be 

either very shiny or dull. It is named after 

one of its most distinctive features, being 
strongly magnetic. Rocks containing magnetite in any 
quantity, such as basalt and gabbro, can cause compass 
needles to give incorrect readings — and this can 
mean that walkers and mountaineers in such regions 
may have to use other methods of navigation. This 
magnetism however has been of great value in research 
about the movement of the Earth's ocean floor. 

Magnetite belongs to a series, whose members 


include magnesioferrite (magnesium iron oxide), 
franklinite (zinc iron oxide), jacobsite (manganese iron 
oxide) and trevorite (nickel iron oxide). 


Source of iron 
Together with hematite, limonite and siderite, 
magnetite is one of the main industrial sources of iron. 
Iron is extracted from magnetite ore by chemical 
reduction in blast furnaces. A blast furnace is a heat- 
resistant chamber in which a combination of carbon 
monoxide and hydrogen is passed over the magnetite. 
These gases react with the mineral to form carbon 
dioxide and water, leaving behind pure iron. 


Magnetite is a rodiiiber of the oxide group of 
minerals. Each molecule is made up of three atoms 
of iron combined with four atoms of oxygen. 

Crystals of magnetite conform to the cubic system 
of symmetry. They often occur in eight- or 12-sided 
crystal shapes. 

Magnetite is an opaque mineral with a bright 
metallic or dull lustre. It is far harder (at 54 to 67 on 
the Mohs Scale) than a coin and may be harder than a 
knife blade. Magnetite has a high density and is 5.2 
times heavier than an equivalent volume of water at 
normal room temperature and pressure. 


AA An eight-sided 
(octahedral) crystal of 
magnetite on a rock 
base (matrix) from 
Bolzano (Italy). 


<4 Magnetite in a geode 
from Novara (Italy). 
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Iron has a vast range of industrial uses: it is a good 
conductor of electricity and heat, and is both magnetic 
itself and easily magnetised. It may be melted and 
shaped in moulds to make cast iron, purified to make 
wrought iron, or alloyed with carbon and other 
elements to make various forms of steel. 


Tests and treatment 
Magnetite can be identified quite easily by testing it 
for magnetism. If a specimen is placed near iron 
filings, they will be attracted to it. 

Impurities can be removed from the surface of 
magnetite crystals by wiping them carefully with 
distilled water or dilute acid. 


On the ocean bed 
The floors of the great ocean regions are made of basalt 
lava covered with a relatively thin layer of sediment. 

The ocean floor basalt contains magnetite which 
is magnetised, by the Earth’s magnetic field, when it 
crystallises. At the present time the Earth’s magnetic 
field is ‘normal’, with the magnetic North Pole in 
the Arctic Ocean and the magnetic South Pole in 
Antarctica. When maps were made of the magnetism 
in the basalts on the ocean floor, it was discovered that 
the magnetism produced a pattern which showed 
that the magnetic poles reversed every so often. 

These maps showed stripes of normal magnetism 
alternating with stripes of ‘reversed’ magnetism. In the 
centre of the Atlantic Ocean, for example, there is a 
single stripe of ‘normal’ magnetism, but on either side 
of this are stripes of reversed and normal magnetism, 
alternating away from the centre. Each stripe can be 
matched up with one on the other side of the centre, 
and this shows that the ocean bed is spreading — each 
stripe of basalt was originally in the centre but has 
been torn in two by the ocean floor moving apart. 


1 Flormeza (Cuba); Turin and Val d'Aosta (Italy); Ural 


MAGNETITE 


Group: Oxides 


Crystal system: Cubic 


Chemical formula: Fe;0, 
Hardness: 5/—6/ 
Density: 5.2 

Cleavage: None 


Fracture: Uneven 


Colour: Black 
Streak: Black 
Lustre: Brilliant metallic or dull 


Fluorescence: None 


«4 Y Some magnetite crystals 
show a blue iridescence: this is 
the result of oxidation. Both 
specimens here were found at 
Traversella, Turin (Italy). 
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Magnetite forms in a variety of rock types. It occurs 
as an accessory mineral in certain igneous rocks, 
especially those of basic composition. (Basic igneous 
rocks contain 45-55 per cent total silica.) Gabbro, 
dolerite and basalt thus contain magnetite, but 
its crystals can usually only be seen under a 
microscope. Magnetite also occurs in sedimentary 
rocks. Black magnetite sands are found in many 
areas and can be of economic significance. 
Magnetite is also found in certain metamorphic 
rocks such as gneiss. i 

The world's largest magnetite deposits are at 
Norrbotten (Sweden). Other occurrences are- 
found in the following locations: Zillertal (Austria); 


Mountains (Russia); Natal (South Africa); Vármland 
and Vastmaniand (Sweden); Binnenthal, Valais 
(Switzerland) and Port Henry, New York State (USA). 
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Hyalophane 


Hyalophane is a silicate 
mineral and a member of 
the feldspar group, with a 
composition halfway between that 
of orthoclase and celsian. 
'The name is derived from the Greek words 


H hualos, meaning ‘glass’, and phainein, 


. € . > € d 
meaning ‘to shine’ or ‘to resemble’. It was first 
identified as a distinct mineral in 1855. 


yalophane may be white, yellow or colourless. 


Solid solution series 

Hyalophane is a member of the feldspar group of 
silicates. As we have seen elsewhere in Treasures of the 
Earth, some of the chemical components of all feldspar 
minerals may be gradually replaced by other elements. 
This is particularly true of the potassium and sodium 


they contain. In scientific terms, this progression is 
known as a solid solution series. 


AY The photographs on this page show hyalophane 
crystals from Busovaca (Serbia). 


Alkali feldspar 

Hyalophane is broadly classified as an alkali feldspar, 
that is, one that contains the metallic element 
barium. Its chemical components put it in between 
the minerals orthoclase (chemical formula KAISi,O;) 


eq 


HYALOPHANE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: (K,Ba)AI(Si,AI);0s 
Hardness: 6-67 
Density: 2.6-2.9 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless, white, yellow 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


> Transparent crystals 
of hyalophane from 
Aosta (italy). 


v A crystal of hyalophane 
from Binnenthal 
(Switzerland). 


-Hyalophane occurs in igneous rocks, which have 
formed by the consolidation of magma or lava. It 
often occurs as phenocrysts, which are relatively 
large crystals set into the matrix of the rock. It is 
also found in metamorphic rocks, such as gneiss, 
which are produced by the alteration due to heat 
and/or pressure of pre-existing rocks. 

The world's main occurrences of hyalophane are 
found in the following locations: Broken Hill, New 
South Wales (Australia); Aosta and Novara (Italy); 
Tochigi (Japan); Omuranba Otjosondjou (Namibia); - 

Busovaca (Serbia); Jakobsberg (Sweden); Binnenthal 

(Switzerland); Incline, California (USA) and Rhiw (Wales). 
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ERISHIGS 
Hyalophane is a member of the abundant silicate 
group of minerals. Each molecule contains four 
atoms of aluminium and eight atoms of oxygen, 
together with one atom of potassium, one atom of 
barium and three atoms of silicon. 

Crystals of hyalophane conform to the monoclinic 
and celsian (chemical formula BaALSi,O,). system of symmetry. Many specimens grow together 
Colourless crystals of hyalophane may closely in the phenomenon known as twinning. 
resemble other members of the feldspar group, l zd. J i k 
notably orthoclase, adularia and sanidine. 


its crystals are transparent and translucent, and are 


Similar properties sometimes yellow in colour. 
Hyalophane has similar properties to many of the 
orthoclase feldspars. It is relatively hard and has an Treatment 


average density. Possibly the best way of identifying it Specimens of hyalophane should be cleaned with 
and telling it apart from orthoclase is by the fact that distilled water. 
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Kornerupine is a rare 

mineral that forms as 
fine prismatic crystals 
or as cleavage masses. 
It is sometimes used 
as a gemstone. 


7 ornerupine is usually apple 
green or emerald green but 
may also be black, brown, 

pink, yellow, white or colourless. 

Although the mineral was 

originally discovered in 1884 

by Danish mineralogist 

A. N. Kornerup, the chemical 

formula was not determined 

until 1969. 

The colour of kornerupine 
may appear to change from 

green to reddish brown or yellow, 

depending on the direction of the 

light source and the angle from 
which the specimen is viewed. 

The scientific term for this 

phenomenon is pleochroism, 

and kornerupine is said to be a 

pleochroic material. 


A A kornerupine specimen from 


Madagascar. Note the planes of cleavage. 


The cut 
This pleochroism may be shown to its best 
advantage by judicious cutting: among the most RN 
popular styles are the baguette, the cushion, the Kornerupine is a rare member of the silicate group 
rectangle, the round cut and the step cut. When of minerals. Each molecule contains the metallic 
the stone is faceted, the preferred cutting | elements magnesium and aluminium, 
angle is 40° along both the crown and the together with the non-metals silicon, 
pavilion surfaces. (For a detailed boron, oxygen and hydrogen. 
explanation of gem-cutting terms, Crystals of kornerupine conform 
see Discovery 9 and 11.) to the orthorhombic system of 
symmetry in which the three 
crystallographic axes are unequal 
in length but are all at right 
angles to each other. 

The crystals occur in distinctive 
prismatic shapes. The green 
coloration of some specimens is 
heightened by traces of vanadium 
within the mineral. 


Similar gemstones 
Kornerupine may be confused 

with the similar-looking enstatite 
(magnesium silicate) and 
tourmaline (a complex borosilicate). 


> A kornerupine 
gemstone in the round cut. 
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FACT FILE ORIGINS and DISTRIBUTION (%, 


KORNERUPINE Kornerupine occurs in rocks that originally formed 
Group: Silicates through igneous activity deep beneath the surface 
Crystal system: Orthorhombic of the Earth (igneous rocks), and in rocks that have 
Chemical formula: Mg;Al,(Si,Al,B);0.,(0H) been altered by heat and/or pressure (metamorphic 
Hardness: 6—7 rocks). It is principally found in gneiss and 

Density: 3.25-3.27 pegmatites and typically forms in association with 
Cleavage: Imperfect orthoclase feldspar, quartz, spinel and zircon. 
Fracture: Conchoidal The type locality of this mineral is at Fiskernás 
Colour: Green, black, brown, pink, yellow, white, colourless (Greenland), and there is an important occurrence at 
Streak: White Lac Sainte-Marie, Quebec (Canada). Further sources 
Lustre: Vitreous are found in Kenya, Madagascar, Myanmar (Burma), 
Fluorescence: None Sri Lanka and Tanzania. 


> Kornerupine cut ; 1 : 4 A kornerupine 
into a rectangle with ? í } gemstone fashioned 
bevelled edges. a f d in the round cut. 


v Prismatic crystals 
of kornerupine 
(Madagascar). 
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Stichtite is a rare mineral, prized 
for its pink colour. However, 
it is too soft to be cut and 
used ornamentally. 


tichtite is lilac or rose pink in colour. It was 

originally discovered in Tasmania (Australia) 

and confirmed as a distinct mineral in 1910. It is 
named in honour of Robert Sticht, the director of a local 
mining company. 

Stichtite is a carbonate mineral that has been confused 
with other minerals in the past. Much stichtite comes from 
Barberton in South Africa and was originally named after 
this location. It is now agreed that the mineral is stichtite, 
the term barbertonite being discontinued as a mineral name. 

Stichtite generally forms as small, pinkish, scale-like 
masses within rocks; its crystals are classified in the trigonal 
system. It has a complex chemical composition and contains 
the metals magnesium and chromium together with carbon, 


Stichtite is a member of the 
carbonate group of minerals. 
Each molecule is made up of the © 
metallic elements magnesium 
and chromium, together with 
the non-metals carbon, oxygen 
and hydrogen. In addition, the 
mineral is hydrated by four | 
attached molecules of water | 
of crystallisation. | 
Crystals of stichtite conform 
to the trigonal system of 
symmetry. Specimens usually 
occur as sheets (lamellae) or 
scales. 
| A Stichtite weighs just over 
twice as much as the equivalent 
volume of water at room 
temperature. | 


A A specimen of stichtite from 
Barberton (South Africa). 


4 Fibrous stichtite from Kaapsche 
Hoop, Barberton (South Africa). 
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oxygen and hydrogen, being a hydrated carbonate of ORIGINS and DISTRIBUTION (^ 4 


magnesium and chromium. 


—Stichtite is found in serpentinite, an altered 

Tests igneous rock. It commonly forms in association 
Apart from its distinctive pink or lilac colour, stichtite with chromite (an oxide of iron and chromium). 
can be identified by a number of properties. It is very Stichtite was originally found at Dundas, 
soft (scoring only 14 —2 on the Mohs Scale of hardness) Tasmania (Australia), and specimens from this 
and so can be easily marked by a fingernail. location are still used to measure the authenticity 

Its density is also very low at 2.1. This makes the of any possible new find. The world's other 
mineral feel noticeably lighter than would be expected, principal occurrences of this rare mineral are 
but this property can only be tested with a specimen found in the following places: Black Lake, Quebec 
that is entirely made of stichtite, as any rock or other (Canada); Bou Azzer (Morocco); and Kaapsche Hoop, 
mineral attached to it would alter the specific gravity. Barberton (South Africa). 
Its lustre is pearly to greasy. 


FACT FILE 
STICHTITE 


Group: Carbonates 
Crystal system: Trigonal 
Chemical formula: Mg,Cr,C0,(0H),¢.4H,0 
Hardness: 17/—2 

Density: 2.1 

Cleavage: Perfect 
Fracture: Uneven 

Colour: Pink, lilac 

Streak: White to pale lilac 
Lustre: Pearly to greasy 
Fluorescence: None 


> Fibrous stichtite from Kaapsche Hoop, Barberton 
(South Africa). Some textbooks have classified 
specimens from this location as barbertonite, but there 
is insufficient difference between these two forms to 
merit their classification as separate minerals. 


v Stichtite from Bou Azzer (Morocco). 
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On the mineral 
trail: Sweden 


Sweden is the fourth 
largest country in 
Europe, occupying 

an area of 449,964 

sq. km. It is bordered 
by Norway in the 
west, Finland in the 
northeast, the Gulf 
of Bothnia in the 
east, the Baltic Sea in 
the southeast, and 
the waters of the 
Skaggerak and 

the Kattegat in the 
southwest. It includes 
the islands of Gotland 
and Óland in the 
Baltic Sea. 


NORWAY 


weden is a highly 
S industrialised country DENMARK 
with one of the highest 

standards of living in the 
world. The country extends 
approximately 1575km 
from north to south, and is 
separated from Norway by the Kjélen Mountains. 
These mountains form the backbone of the 
Scandinavian peninsula, and their rocks, except for 
those in the northwest, are mainly granites, schists 
and gneisses. 

The Kjólen Mountain region of northern Sweden 
is characterised by numerous deep valleys and narrow 
lakes. Away from the mountains, there is a more level 
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area containing marshland and peat bogs which are 
broken at intervals by stony ridges (moraines). It is here 
that Swedens chief mineral deposits are to be found. 
Southern Sweden comprises three main regions — 
the central lowlands, the Smáland highlands and the 
plains of Skáne. These are the most densely populated 
regions and have the greatest concentrations of 
manufacturing, farming, forestry and mining. 


Mineral wealth 

Iron ore and copper are in plentiful supply in Sweden. 
Over 12 million tonnes of iron ore are produced 
annually, more than 75 per cent of which is exported. 
Over 74,000 tonnes of copper ore concentrates are 
produced each year. Silver and gold are also found in 
the country, together with many other minerals. 


Copper mining 
Since the Middle Ages, the mining of copper has been 
very important to the economy of Sweden. For over 
600 years, the copper ore deposits at Falun in the 
Bergslagen region were rigorously exploited, but 
although copper and zinc remain the country's most 
important non-ferrous metals, copper mining has now 
ceased in the Bergslagen area. Today, the main centres 
of copper production are along the Skellefte River in 
Norrland. From there, ore is transported for smelting 
on the Gulf of Bothnia. 

Many copper-bearing minerals are found in these 
mining centres. These include bornite and tennantite 
at Boliden, and meneghinite at Hallefors. 


Iron mining 
By the early 1980s, Sweden had become the world's 
eighth largest producer of iron. The main sources of 


iron ore are now in the northern area of Norrland 
at a large deposit in Kiruna and a smaller deposit at 
Gällivare. It has been estimated that these mines 
contain reserves of three billion tonnes of iron ore. 

Kirunas largest deposit of iron ore is found at the 
Kirunavaara Mine and is over 5km long and averages 
90m in width. The ore here comprises largely 
magnetite with some hematite and also fluorapatite, 
which raises the phosphorus content of the ore to 
more than 5 per cent. At Boliden, deposits of 
arsenopyrite have also been found. 

Since the 1870s, the Gilchrist- Thomas process, 
which allows the smelting of iron ores with a high 
phosphorus content, has made the iron ore deposits of 
Swedish Lapland particularly important. Railway 


A Nuclear power stations like this are 
powered by Sweden's plentiful uranium. 


4 The port of Helsingborg. 


construction has been another 
important development. The 
construction of a railway from Luleà to 
the Gallivare iron ore field, and its 
extension through Kiruna to the 
Norwegian ice-free port of Narvik, has 
enabled the ore to be transported from 
the north. By the early 1980s, Narvik 
was the main port for exporting over 
15 million tonnes of Swedish iron ore. 


Economic importance 

Iron ore is still mined at Bergslagen, 
where some of the mines are over 600m 
deep. Bergslagen supplies most of the 
ore for iron and steel manufacturing in 
Sweden and its most important mining 
centres, Grängesberg and Strassa, 
supply the integrated iron and steel 
plant at Oxelósund on the Baltic. 


Other natural resources 
Sweden is fortunate in having about 15 
per cent of the world's known reserves 
of uranium. It also has plentiful 
supplies of lead, nickel, petroleum, 
pyrite and zinc. 


Without minerals, life as we know it would be unrecognisably different. 

To take one obvious example, if no iron were mined, there would be no steel: in 
a world without steel there would be no cars, no railways and no 
modern buildings. The exploitation of this and other natural resources has a 
significant effect on the Earth and the environment. 


any industrial processes use coal and 

petroleum to generate the heat needed to 

cause chemical reactions. The problem is 
that these materials are fossil fuels which give off 
carbon dioxide gas when they are burned. 


Although this gas is already present in minute traces 
in normal air, large quantities of it create the so-called 
‘greenhouse effect’ (see The Story of the Earth 19). The 


level of carbon dioxide in the Earth's atmosphere has ies M. a : ul g= 
risen by 10 per cent in the last hundred years, giving | AE T AM LEE B N-- 23 
rise to an unwanted effect known as global warming. M E X " Les mu NS 


An opencast copper mine in Arizona (USA). 
'The use of coal has other adverse effects on the 


environment. When coal is burned, smoke particles A steelworks in Bilbao (Spain). Industrial plants like 
may be carried in the air over wide areas. The sulphur this may cause immense damage to the environment. 
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Green issues 


compounds contained in the smoke produce acid 
rain which falls to Earth and causes water pollution. 
In extreme cases, this may poison fish and cause 
catastrophic damage to plant life in the affected areas. 


A problem with minerals in general is that storing 
them on land causes pollution. Spoil tips of waste 
materials typically contain ash, sludge and metallic 
residues which are ugly and cause severe damage to 
local plant life. In addition, acid wastes may despoil 
surrounding waterways. 

Some mine fires prove almost impossible to 
extinguish and continue for many years after the mines 
have ceased operation. Underground mine workings 
may subside or collapse altogether: this again damages 
the environment. Even opencast mining, which is 
carried out on the surface of the Earth and is safer and 
cheaper than underground mining, causes large and 
permanent scars on the landscape. 


For many years, a wide range of minerals — particularly 
nitrate compounds — have been extracted from the 
Earth for use in agricultural fertilisers. The idea was to 
increase the richness of the soil and, consequently, its 
productivity. However, in many parts of the world this 
practice has backfired: the over-application of fertiliser 
has upset the delicate balance of the nitrogen cycle. 
(The nitrogen cycle is the name given to the exchange 
of nitrogen between the air — which contains about 

78 per cent of this gas — and soil, plants and animals: it 
is a form of natural recycling.) 

Excesses of fertiliser may cause an accumulation of 
excess organic and mineral nutrients in rivers, lakes, 
ponds and even seas. These nutrients cause an 
unwanted build-up of algae which deprive other 


A spoil tip of potentially harmful waste products 
from a sulphuric acid plant. 


organisms of oxygen: this process is known as 
eutrophication. 


Although there is a price to be paid environmentally 
for the large-scale extraction of fossil fuels, there is 
often no other way of obtaining them. One possible 
alternative to coal and petroleum is 
solar energy: this is virtually pollution 
free, but development costs have so 
far proved prohibitive. Other possible 
sources of energy are wind power, 
wave power and geothermal energy. 

Industrial minerals can only be 
obtained from the Earth, and thus 
some defacement of the landscape is 
inevitable when they are extracted. 
However, better precautions can be 
taken to ensure that excavated 
products are stored more carefully, 
and increased scientific knowledge 
will help to avoid further damage to 
the environment through thoughtless 
intervention in well-established 
natural processes. 


This polluted pool near a steelworks 
has contaminated the surrounding 
water and soil. 


DISCOVERY 


Carbonates I 


Carbonates are among the most widely distributed minerals in the Earth's crust. 
They consist of a metal, or metals, combined with carbon and oxygen 
in the form of a radical (chemical formula CO). 
There are approximately 80 known carbonate minerals, but most are rare. 
The following are some of the more common ones. 


Aragonite 

Aragonite and calcite are both forms of calcium 
carbonate (chemical formula CaCO,). Aragonite can 
be distinguished from calcite by its greater hardness 
(34-4 on the Mohs Scale) and higher specific gravity 
(about 2.95 times greater than that of the equivalent 
volume of water at room temperature). Aragonite is 
an important component of sea shells. Some of the 
most significant land-based deposits occur in Austria, 
the Czech Republic, Namibia, and New Mexico and 
South Dakota (USA). There are notable aggregates of 
needle-shaped crystals in Cumbria (England). 


Calcite 

Calcite is the most common and widespread form 
of calcium carbonate and the major component of 
limestone and marble. It is softer than aragonite, 
scoring 3 on the Mohs Scale of hardness, and it has 
a specific gravity of 2.7. Another difference between 


A A pseudohexagonal 
crystal of aragonite from 
Sicily (Italy). 


4 Asmooth domed 
cabochon of 
rhodochrosite (Argentina). 


< A tabular crystal 
of magnesite from 
Bahia (Brazil). 
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2 DISCOVERY 


4 Siderite crystals from 
Wheal Maudlin, Lanlivery, 


Cornwall (England). EJ 


the two minerals lies in 
their symmetry: crystals of 
aragonite conform to the 
orthorhombic system, 
while those of calcite are 
in the hexagonal system. 
One of the best ways to 
identify calcite is by its 
rhombic cleavage — when 
broken, small rhomb- 
shaped fragments are 
produced. 

Calcite is very 
important in the 
manufacture of glass 
and is widely used in the 
building and chemical 


A Blue smithsonite from 
Greece cut in the smooth, 
domed cabochon style. 


< A slab-like specimen of 
rhodochrosite (Argentina). 


from magnesite. There 
are large deposits of 
magnesite in Austria, 
Greece, Italy, Poland 
and Nevada (USA). 


Rhodochrosite 
This pink-coloured 
mineral is an industrial 
ore of manganese. 


industries. Some of the most important deposits are 
found in England, France, Germany, Italy, Namibia 


and the USA. 


Cerussite 

Cerussite is a minor industrial source of lead. It 
is formed through the alteration of galena (lead 
sulphide) in mineral veins. The world's most 
important deposits of this mineral are found in 


Australia, Namibia, Scotland, Spain and the USA. 


Dolomite 


Dolomite is a carbonate of calcium and magnesium. 


It occurs mainly in hydrothermal mineral veins and 
in dolomitic (magnesian) limestone (dolostone). 
Fine crystals of dolomite are found in Canada, Italy, 
Mexico, Switzerland and the USA. 


Magnesite 


Magnesite is a carbonate of magnesium. It forms as 


rhombohedral crystals, but may also be massive (with 


no obvious shape), lamellar or fibrous. Usually it is 
white, colourless, grey or yellowish. Magnesite has 
many applications and is a source of magnesium, 
which is used in the construction of jet engines, 
glass-making and fireworks. Epsom salts are made 


Because of its attractive colour and banded structure, 
it is often cut and polished for jewellery and other 
ornamental uses. It forms a solid solution series with 
siderite (see below). The finest rhodochrosite 
deposits are found in Argentina, Germany, Mexico, 
Romania, South Africa and Montana (USA). 


Siderite 


Siderite is an industrial source of iron. In many 
specimens, this metal may be gradually substituted 
by manganese, and siderite thus forms a solid 
solution series with rhodochrosite. Siderite occurs 
in many parts of the world but seldom in large 
quantities. Fine specimens are found in Australia, 


Austria, Brazil, Canada, the Czech Republic, 


England, Germany, Greenland, Portugal, Switzerland 


and many parts of the USA. 


Smithsonite 

This carbonate is the second most important 
industrial source of zinc. (The most important is 
sphalerite, a sulphide mineral.) Good deposits of 
smithsonite are found in Greece, Namibia and 
Zambia, but the largest quantities of this mineral 
are found in Arkansas, New Mexico and South 


Dakota (USA). 
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Barite is one 

of the main 

industrial 
sources of the chemical 
element barium. 
B barytes, baryte or heavy 

spar — is a colourless, white, 

grey, blue, brown, green, red or 
yellow mineral. Its name is derived 
from the Greek word barys, meaning 
"heavy , referring to the mineral's high 
density (specific gravity). 

Barite is an important industrial 
mineral. It is used in the preparation 
of muds for drilling gas and oil wells 
(see The Story of the Earth 45), to give 


extra body to paper and cloth, and as an 
inert body in coloured paints. 


arite — also known as 


Uses of barium 

Its greatest importance, however, is as a source of 

the chemical element barium. Barium is extracted 
from the mineral by electrolysis or by heating it in 
a vacuum with aluminium or silicon. 

Barium is used in metallurgy, especially in the 
refining process where it serves as a ‘getter’, a substance 
which is placed on the walls of a vacuum tube to 
absorb unwanted residual gases. Barium is also widely 
used as a deoxidiser in copper refining and as a 


BARITE 


Group: Sulphates 

Crystal system: Orthorhombic 
Chemical formula: BaSO, 
Hardness: 3-3 

Density: 4.5 

Cleavage: Perfect 


Fracture: Uneven 

Colour: Colourless, white, grey, blue, brown, green, red, yellow 
Streak: White 

Lustre: Vitreous 


Fluorescence: Purple 


MINERALS 


A A mass of barite crystals from 
Derbyshire (England). 


CHARACTERISTICS 


Barite is a member of the sulphate group of 
minerals. It is a sulphate of barium and each 
molecule contains one atom of barium and one atom 
of sulphur together with four atoms of oxygen. 

Crystals of barite conform to the orthorhombic 
system of symmetry - their basic shape resembles 
that of a flat table top, though many barite crystals 
are prismatic. Other forms include fibrous masses, 
sheets (lamellae), stalactites and radiating fans which 
look like cockscombs. 

Barite is a soft and heavy mineral: it scores only 
3-3% on the Mohs Scale of hardness and weighs 
approximately four and a half times more than the 
equivalent volume of water at room temperature. 

When it is subjected to pressure, barite breaks off 
cleanly along its weakest structural planes. 


Commonplace mineral 


constituent of certain alloys. The alloy it 
forms with nickel gives off electrons and is 
thus used in spark plugs. 

g 


Tests 

Barite is a common and often pale-coloured 
mineral which could at first be confused 
with other hydrothermal vein minerals. 
However, because of its high density of 4.5, 
a specimen of barite is noticeably heavy 
when picked up. Its hardness of 3 to 3% on 
the Mohs Scale is about the same as that of 
a coin or a specimen of calcite. 

Barite's crystal habit, often forming 
tabular crystals with a vitreous lustre, also 
helps in identification. Barite is insoluble 
in acids and only melts (fuses) in a flame 
with difficulty. When this happens, the 
flame is coloured yellowish-green. Some 
specimens of barite will fluoresce under 
ultraviolet light. 


ORIGINS and DISTRIBUTION ÇS a 


Barite mainly occurs in hydrothermal mineral veins. 
These are formed when hot water seeps up from 
depth in the Earth's crust into fault lines where 
there are masses of broken rock. Minerals form in 
the cavities on the fault line from elements held 

in the hot water. Barite is found with many other 
hydrothermal minerals including calcite, quartz, 
galena, sphalerite and dolomite. 

Significant deposits occur in the Czech Republic, 
Germany, Italy and the USA. Crystals measuring one 
metre in length have been found in Cumbria and 
Cornwall (England). 


A 4 Barite from Wheal Mary Ann, 
Cornwall (England). 


4 Transparent, pale blue 
crystals of barite on 
dolomite (Cumbria, 
England). 


v Transparent 

barite on dolomite. 
This fine specimen was 
found at Frizington, 
Cumbria (England). 


Ullmannite is a rare mineral 
belonging to the cobaltite 
group of sulphides. 


llmannite is usually silvery grey or steel grey 
in colour. It was discovered in the early 19th 
century and confirmed as a distinct mineral 
in 1843. It is named after Johann Christoph Ullmann, 
the German chemist and mineralogist who first 
worked on it. 
Ullmannite is a member of the cobaltite group 
of sulphide minerals. Unlike cobaltite, which is a 
naturally occurring sulphide of cobalt and arsenic, 
ullmannite is a sulphide of nickel and antimony. 


Solid solution series 
Sometimes, the nickel in ullmannite may be gradually 
replaced by cobalt. When this substitution is complete, 


specimens are classified as willyamite, which was 
confirmed as a distinct mineral in 1896. Thus, in 
scientific terms, ullmannite and willyamite are said to 
form a solid solution series. 


Gangue mineral 

Although ullmannite is neither plentiful nor 

valuable enough to be mined for its own sake, it may 
sometimes be removed from the Earth during the 
commercial extraction of more valuable nickel-bearing 


A Ullmannite in association with bournonite (Germany). 


A Silvery grey cubic crystals of ullmannite on white 
calcite (Cagliari, Sardinia, Italy). 


Edi: ji "Es 
Ullmannite is a member of the sulphide group of 
minerals. Each molecule is composed of one atom 
of nickel, one atom of antimony and one atom 

of sulphur. 

Ullmannite crystals conform to the cubic system 
of symmetry, but readily discernible crystals are 
rare. Crystals may show striations on their faces. 
Most ullmannite forms as specimens with no 
consistent shape (massive habit). 
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Rare mineral 


FACT FILE 


ULLMANNITE 


Group: Sulphides 


ORIGINS and DISTRIBUTION Cs 


- Ullmannite occurs in mineral veins, often in 
association with other nickel-bearing minerals. These 
veins are formed when hot water containing many 
elements rises into fractures in the Earth's crust. 
Minerals are created as the water cools. 

Significant finds of this rare mineral have been 
made in the following locations: Lólling, near 
Hüttenberg (Austria); Brancepeth Colliery, county 
Durham (England); Freussburg and Petersbach, 
Westphalia (Germany); Tsushima (Japan); Ofoten 
(Norway); Nowa Ruda (Poland); and Bergslagen ~ 

(Sweden). 


Crystal system: Cubic 
Chemical formula: NiSbS 
Hardness: 5-5/ 

Density: 6.65 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Silvery grey, steel grey 
Streak: Grey-black 
Lustre: Metallic 


Fluorescence: None 


minerals such as pentlandite and pyrrhotite. 
Geological materials which are obtained as the by- 
products of mining for other materials are known as 
gangue minerals. 


Tests and treatment 

Ullmannite is a relatively hard mineral, scoring 5 to 54 
on the Mohs Scale of hardness. This makes it about the 
same hardness as a knife blade, but it can be marked by 
a piece of quartz. 

Its high density (6.65) is another useful 
identification feature. The striated cubes, which are 
typical of this mineral, may resemble those of pyrite, 
but are easily told from that mineral by their silvery 
grey colour. 

Ullmannite dissolves (is soluble) in nitric acid 
and, when this reaction occurs, the metallic nickel in 
the mineral gives the resulting solution a distinctive 
green coloration. 

Ullmannite specimens should be cleaned with 
distilled water: ordinary tapwater contains impurities 
which may irreparably damage the delicate crystal faces. 


A 4 Cubic crystals of 
ullmannite showing 
typical striations on the 
crystal faces (Italy). 


Sard 


Sard is a variety 
of chalcedony, 
which has the 
same chemical 
composition as quartz. 


ard is brownish red in colour. 

The name derives from the 

Greek sardios, meaning ‘stone 
from Sardis’, an ancient city in 
Anatolia (present-day Turkey) near which 
fine early specimens were found. 


Form of chalcedony 

There are a number of varieties of chalcedony which 
are differentiated by their colour and structure. Agate 
is defined by its concentric parallel banding; onyx by 
its straight parallel bands of black or grey with white 
chalcedony; carnelian by its orange or reddish 
colouring and chrysoprase by its green colour. Sard is 
the brownish red variety of chalcedony without any 


A Sard gemstones used in an elaborate Oriental necklace. 


A An uncut specimen of sard, exhibiting the intense 
colouring of this gemstone 


CHARACTERISTICS 


Like all the numerous forms of quartz and 
chalcedony, sard is a member of the oxide group 
of minerals. It conforms to the trigonal system of 


crystal symmetry. The crystals 
can only be seen under a 
powerful microscope, because 
sard has a microcrystalline 
structure and is made up 

of many minute crystals 

fused together. 

Sard is a rather hard 
material, scoring 6% on the 
Mohs Scale of hardness - 
it can scratch glass, steel 
and most other common 
substances, but can itself be 
scratched by topaz. This 
resilience makes it particularly 
suitable for working into a 
wide range of ornaments. 
One of its main limitations, 
however, is that it absorbs 
liquids (is porous): this means 
that it must be kept away 
from fats and acids that could 
find their way into the internal 
structure and alter the 
external colour. 
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ORIGINS and 
DISTRIBUTION 


Sard is a secondary mineral that is- 
formed through the deposition of 

silica in gas cavities in lavas. It is found 
principally in rocks that originally formed 
through igneous activity deep beneath 
the surface of the Earth (igneous rocks). 
It is also sometimes found in strata 
which have dried out from saturated 
silica solutions: these are rocks of 
sedimentary origin. 

Sard is widely distributed all over the 
world. The most important sources of 
gem-quality specimens are found in the 
following locations: Rio Grande do Sul 
(Brazil), China, the Deccan Plateau (India), 
Ratnapura (Sri Lanka), Turkey and the USA. 


banded structure. Sard gemstones tend to have a 
more intense colouring than carnelian, another 
reddish form of chalcedony. 

Being a form of chalcedony, sard is slightly less 
hard (at 6% on the Mohs Scale of hardness) than 
quartz (which scores 7) but has many similar 
features. It has a white streak and a vitreous to waxy 
lustre. Its density is only slightly less than that of 
quartz, being 2.6 as opposed to 2.65, but only a very 
careful analysis would show this difference. Though 
classified in the trigonal crystal system, sard, like 
other varieties of chalcedony, is made up of masses 
of minute, often poorly formed crystals and is thus 
said to have a microcrystalline structure. 


Gem material 
Sard has a very long history as a gem mineral — it 
was used by the ancient Egyptians and throughout 


A A specimen of sardonyx, the red and white 
banded variety of sard. 


ancient times. In the 19th century sard became 
very popular when it was used for seals, rings and 
cameos. It has always proved to be a very good 
material for carving into cameos, intaglios and 
sculptures, polishing into beads and tumbling. 


Sardonyx 

Whereas sard has a consistent colour throughout, 
sardonyx is a banded variety of the mineral. It has 
has alternating parallel bands of white chalcedony 


and reddish brown sard. 


Imitations 

Though it is very plentiful, sard is sometimes 
imitated. This can be done by saturating unbanded 
chalcedony with a solution of iron minerals, which 
changes the colour. The porous structure of 
chalcedony lends itself to such treatment. 
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SARD 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: SiO; 


Hardness: 67 
Density: 2.6 
Cleavage: None 
Fracture: Conchoidal 


Colour: Brownish red 


Streak: White 


Lustre: Vitreous to waxy 
Fluorescence: None 


4 Two contrasting specimens 
of sard, one smooth and 
one rough. 
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On the mineral 
trail: Iceland 


Iceland is the 
largest island 

in Europe and 
occupies an area in 
the North Atlantic 
Ocean of 103,000 sq. 
km. It is located 
1000km to the west 
of Norway and 
300km to the east NE 
of Greenland, and eee 
its northernmost | 

tip touches the 

Arctic Circle. The 

country is the 

product of volcanic 

eruptions in 

relatively 

recent 

geological 

time: this 

means that 

most of the minerals found on the 
island are in volcanic rock. 


direction and 305km from north to south. 
Fishing is the main industry and accounts for 
about 80 per cent of annual exports. 


Í celand extends about 480km in an east-west 


The land 


The country has been built up over the last 16 
million years by a series of volcanic eruptions. In the 
west and north are plateau areas composed of old 
basalt lava flows. In the east and central areas, the 
land is higher. The southern part of Iceland consists 
of glacial debris (glacial outwash plains). 

The coastline, which stretches for about 5950km 
is rugged and indented with fjords, bays and inlets. 
Icefields and glaciers cover 11,900 sq. km of the 
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A The Landmannalaugar national park, showing lava 
fields covered in green mosses. Iceland's intense 
volcanic activity is caused by its location on the 
boundary between the European and North American 
tectonic plates. 


A Svartsengi, Iceland. This hot-water lake, together 
with the Blue Lagoon below, is famous for its curative 
waters, which are popular with people seeking relief for 
a wide range of skin complaints. 


country's surface. The biggest icefield is at Vatnajókull 
in the southeast, rising to 2119m at the highest point 
in Iceland, which is Hvannadalshnukur. 


Volcanoes 


There are about 100 volcanoes in the southeastern 


area, 20 of which have been active since the country 
was settled. Further volcanoes are found in the 
Snaefellnes area in the west. Most types of volcano 
are to be found in Iceland. Hot springs occur in 250 
places, and these provide natural heat for 70 per cent 
of the population. The best known erupting spring is 
the Geysir (also known as the Great Geysir). 


Mining 

Since the 1960s, foreign investment in mines has been 
used to exploit the country's resources. In 1969, a 
Swiss-owned aluminium smelter of imported ore 
began the process of refining earth mined near Lake 
Myvatn into pure diatomite for use in industrial 
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filtration. By the early 2000s diatomite had become 
the country’s leading export. The other major mineral 
industries are the production of ferrosilicon and 
geothermal power. Resources used mainly in local 
industries include shell sand (used in the cement 
industry), gravel, nitrogen, perlite and pumice. 


Basalt 

More than half of Iceland’s total land area is composed 
of basalt, the most common volcanic rock. It often 
contains dark, fine-grained silicate minerals such as 
feldspars and pyroxenes. 

Outcrops of basalt are especially plentiful on the 
plateaux in the west, northwest and east of the island, 
where they form in almost horizontal sheets with an 
average thickness of about 10m. These were originally 
erupted from fissure volcanoes. 

Transparent Iceland spar is found mainly at 
Helgustadir and Reydarfjordur. This pure form 
of calcite (mineral calcium carbonate) has double- 
refracting crystals which are used in making 
polarising microscopes. 


Y Geothermal power from plants like this at the famous 
Blue Lagoon supply heating to 70 per cent of Icelanders. 
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Recent d 


New minerals are being discovered 
all the time and today, mainly 
because of advanced modern 
techniques of analysis, many new 
minerals are being described each 
year. At the same time, scientists 
are establishing that some 
supposedly new minerals are in 
fact already known. 


here are over 4000 known minerals 
that have been correctly determined as 
far as their chemical composition and 
other properties are concerned. In order for 
a newly described mineral to be accepted it 
has to be considered by the International 
Mineralogical Association. 

In the past, before the advent of techniques 
such as X-ray diffractometry and electron- 
microprobe analysis, only a few minerals were 
described each year. For example, in the years 
from 1775-1956 around 10-20 new minerals 
were described each year. Since 1956 the 
number has increased and is now more like 
30-50 new minerals a year. 

Many new minerals are being found 
because mineralogists are looking at material 
previously overlooked. Blast furnace slag, for 
instance, has provided many new minerals; this 
slag is produced when limestone is added to 


A scientist examining 
a new mineral early in 
2007. The mineral was 
subsequently named 
jadarite after the 
location in Siberia 
where it was found. 


Strashimirite, a 
hydrated arsenate of 
copper which was 
categorised as a new 
mineral in 1968. 
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Recent d 


the molten metal in a furnace to soak up impurities 
in the liquid metal. A number of new minerals have 
also been discovered in material brought up from 
shipwrecks. Jadarite and felbertalite are two recent 
mineral discoveries. 


Early in 2007 a new mineral was found in Siberia. 
It was white with a powdery habit. When it was 
analysed by the London Natural History Museums 
experts, it was found to be a silicate of sodium, 
lithium and boron. The material was also analysed 
by Canada's National Research Council to discover 
its physical structure. Specimens have exceedingly 
small crystals, which measure only five microns (a 
micron is a millionth of a metre) long. The mineral 
was named jadarite after the part of Siberia in which 
it was found. 


This recently discovered mineral is a white 
copper-lead-bismuth-sulphosalt that occurs in 
mineral veins rich in quartz. It was first found in 
veins rich in scheelite at Felbertal (from where it 
takes its name) near Salzburg in Austria. The veins 


Parnauite is a hydrated copper arsenosulphate that 
was discovered in Nevada (USA) and established as a 
new mineral in 1978. 


where it occurs also contain galena and chalcopyrite, 
two very common minerals that have been used 
industrially for many years. 


The need for careful analysis is shown in the case 

of parkinsonite, which was first thought to be 

a lead oxychloride when it was described in 1989. 
Subsequent research showed that the original analysis 
was incorrect and it was reclassified as an oxychloride 
of lead and molybdenum. 


In the 1980s a blue mineral was brought back from 
Morocco. It was apparently well-known in Morocco 
and had been for sale on market stalls. 

Many geologists initially thought that this ‘blue 
mineral’ was a new mineral, and careful analysis 
revealed its chemistry to be calcium and iron 
aluminosilicate. Eventually, however, it proved 
not to be a new mineral, but a form of aerinite. 


Morocco, where 
specimens of the 
‘blue mineral’ were 
purchased. 


A specimen of the so- 
called ‘blue mineral’ 
which subsequently 
proved to be aerinite. 


OF THE EARTH 


Ceramics are useful and decorative articles made by shaping clay - a widespread 
form of sedimentary rock - which is then hardened by firing at high temperatures. 


eramic articles are among the most 

ancient artefacts. They are very 

strong in spite of their essential 
brittleness and highly resistant to the 
effects of oxygen, water and reheating. 

Feldspar, quartz sand, iron oxides and 

alumina are all used to make ceramics, 
but the cheapest and most widely 
available raw material is clay, the 
collective term for a group of sedimentary 
rocks and the aluminosilicate minerals such 
as kaolinite they contain. 


A specimen of kaolinite (china clay). 


A china clay workings at St Austell, Cornwall. The 
white dust covering the surroundings is china clay, a 
raw material of most fine ceramics. 


A painted Persian ceramic tile (Iran). 


Among the most important ceramic products are 
terracotta, bricks and roof tiles. Terracotta is the name 
given to the hard, unglazed brownish red earthenware 
that is made from clay and sand. 

Ceramics are also used as refactories — materials 
that are chemically and physically unaffected by high 
temperatures. Refactory ceramics — made from clays, 
silica or magnesite — are widely used in metallurgy to 
make the linings of furnaces, kilns and smelters. 
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Ceramics 


The three main stages in the manufacture of ceramics 
are forming, drying and firing. Forming is the process 
by which powdered clay is mixed with water or other 
binding liquids and worked into shape. 

After forming, ceramics must be carefully heated 
for a few hours at 100?—200?C to remove any excess 


liquid. The rate of drying 
must be carefully 
controlled during this 
stage to prevent warping. 


When drying has been 
completed, ceramic 
articles are fired at high 
temperatures between 
800°C and 2000*C to 
bind their individual 
microcrystals into a 
coherent mass. The 
scientific term for this 
process is sintering. 
Sintering may 
dramatically affect the 
physical properties of 
clay, and in some cases 
make it harder than metal. 
Although ceramic materials 
will always remain brittle, 
appropriate treatment may 
provide them with great 
compressive strength. 


The most common ceramic 
articles prepared by the 
methods described above 
are brick, pipe, porcelain 
and pottery. Traditional 
whiteware porcelain 

has a slightly different 
composition, containing 

at least three raw 

materials — clay, feldspar 
and quartz sand. When 

a mixture of these 

minerals is heated to high 
temperatures, the feldspar 
melts and forms a coating 
over the crystals of clay and 


sand. As firing proceeds, water 
in the clay is gradually driven off 
and replaced by fine, needle-like 


(acicular) crystals of an aluminosilicate 


called mullite. 


The grains of quartz sand are also partially 
dissolved in the viscous liquid feldspar. When articles 
treated this way have cooled down, they take on the 


A Persian ceramic tile with a traditional 
design (Iran). 


A Greek ceramic vase painted 
with warriors and female heads 
(about 350 BC). 


A Greek ceramic vase decorated 
with hunting dogs. This priceless 
artefact dates from about 640 BC. 


familiar glassy appearance of household 
baths and wash basins. 


Stoneware is created by firing at 
temperatures of about 1100?C. It is a 
heavy, opaque form of ceramic which 

is non-porous and glazed. Firing at 
temperatures lower than 1000°C produces 
a rather more porous ceramic with a rough 
surface: this form is known as earthenware. 


To obtain fine, translucent porcelain with a high 
glass content, the raw material must be fired at 
higher temperatures than those used to obtain the 
coarser ceramics. Porcelain enamel consists of a thin 
layer of special glass that is fused to metal surfaces to 
protect them from corrosion and improve their 
hardness and abrasive strength. 


DISCOVERY ~ 


Carbonates II 


This second article on carbonates looks at some of the more colourful minerals 
in this group, along with a number of less common carbonate minerals. 


Aurichalcite 
Aurichalcite is a green or blue carbonate 
that is made up of equal amounts of zinc 
and copper. It also contains six molecules 
of the hydroxyl radical (chemical 
formula OH). It commonly occurs 
with other zinc and copper minerals. 
Locations where it is found include 
Laurion (Greece), Mapimi 
(Mexico), Tomsk (Russia), 
Santander (Spain) and Bisbee, 
Arizona (USA). 


Azurite 

Azurite is a carbonate of 
copper that is found in 
association with malachite in 
the oxidised areas of copper 
deposits. In ancient times, this 
mineral was widely used as a blue 
pigment in paint. Fine specimens are 
found in Chessy (France), Tsumeb 
(Namibia), Bisbee, Arizona (USA) and 


many other places. 


Bismutite 
As its name suggests, bismutite is a carbonate 
of the metallic element bismuth. Bismutite is a 
common secondary mineral and is found in Australia, 


Bolivia, Germany, Madagascar, Mozambique, A A mass of azurite 


Arizona and Colorado (USA). In England, bismutite crystals (Utah, USA). 
occurs at Redruth and St Just (Cornwall). 


Dawsonite 

Dawsonite is a white or colourless carbonate of 
sodium and aluminium that mainly occurs in Algiers 
(Algeria), Montreal (Canada), Tuscany (Italy), 
Olduvai Gorge (Tanzania) and Colorado and 


Wyoming (USA). 


Gaylussite 

Gaylussite is a colourless, grey, white or yellow 
carbonate of sodium and calcium that also has five 
attached molecules of water of crystallisation. It is 


found in soda lakes in the Gobi Desert (Mongolia) 
and California, Nevada and Wyoming (USA). 


4 Needle-shaped (acicular) crystals of aurichalcite 
from Derbyshire (England). 
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Carbonates Il 


It typically forms as masses of prismatic or acicular 
(needle-like) crystals which seem to grow from a 
common base. It is a relatively soft mineral (scoring 
only 3% on the Mohs Scale) and it breaks with a 
perfect cleavage. Strontianite occurs in hydrothermal 
mineral veins in many areas including Austria, 
Germany, India, Italy, Morocco, Strontian (Scotland) 
and California, New York and Pennsylvania (USA). 


Trona 

Trona is a hydrated bicarbonate of sodium whose 
name derives from the Arabic word for ‘salt’. It 
mainly occurs in salt lake deposits in desert regions. 
The main sources are in Armenia, Egypt, Mongolia, 


Tibet and Arizona (USA). 


j 
j 
b 
i 


A A gold necklace with malachite gemstones that 
have been cut into raised designs called cameos. 


A Tabular crystals of pyroaurite from Italy. 

Malachite 

Malachite is a widespread mineral that is a Witherite 

Witherite is a barium carbonate 

that is mainly colourless, white or 

grey but may sometimes be brownish, 

greenish or pale yellow. The barium 

content in witherite gives it a high 
density — 4.29 — which makes 

it one of the densest of the 

carbonate group minerals. 

It forms in hydrothermal 

veins with a variety of other 


minor source of copper. Its distinctive 

green colour is an important guide 

for prospectors. Although it is a 

soft mineral, registering only 37 

on the Mohs Scale of hardness, 
malachite is extensively used for 
jewellery and ornaments — its 

alternating bands of dark and 

pale green make it most 

attractive when cut and 

minerals, including calcite, 
quartz, galena and 
sphalerite. 

Witherite occurs as 
twinned prismatic crystals, 
or in massive (no particular 
shape), fibrous or granular 

habits. Fine crystals of this 
mineral are found in Cumbria, 
Durham and Northumberland 
(England). 


polished. The world's main 
deposits of malachite are found 

in Australia, Democratic Republic 
of the Congo, Namibia, Siberia 


(Russia), Arizona (USA) and Zambia. 


Pyroaurite 

This hydrated carbonate of magnesium 
and iron is whitish, yellowish, greenish 
or colourless. It is found in Canada, Italy, 
the Shetland Islands (Scotland), Sweden 
and many other places. 


Strontianite 
Strontianite is the original and principal mineral 
source of the metallic element strontium. 


<A mass of translucent, 
prismatic crystals 
of strontianite. 
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Olivine is the name of 

a group of minerals. 
Gem-quality specimens of 
this group are known as peridot. 


r { he finest specimens of olivine minerals 
are a clear, olive-green colour, and it is 
- from these that the mineral group 
takes its name. Some specimens are white, 
brown or yellowish. 

The name olivine was first used in 1789. 
Since that time the term olivine has been 
refined and it is now used for a group of 
greenish or brown silicate minerals. 


Solid solution series 

o These minerals form a solid solution series 
and they are commonly found in basic 
igneous rocks, that is, dark coloured rocks 
with a relatively low silica content (from 
45—55 per cent total silica). The end members 
of this solid solution series are forsterite 


group of minerals. 
Crystals of olivine group minerals conform 
| to the orthorhombic system of symmetry in 
which the three crystallographic axes are 
unequal in length, but are all at right angles to each 
other. However, good crystals are rare, and olivine 
minerals usually take the form of isolated grains or 
granular aggregates. 
Olivine minerals generally weigh between 3.3 and 
4.3 times more than an equivalent volume of water 
-at room temperature, depending on the amount of 
| iron they contain. Forsterite contains no iron and is 
. the lightest (least dense) member of the group; by 
contrast, fayalite (iron silicate) is the heaviest | 
_ (densest) member of the solid solution series. | 


A A green olivine mineral in association with plagioclase 
feldspars in gabbro (Poland). 


4 Crystals of a green olivine mineral from Kansas (USA). 


(magnesium silicate) and 

fayalite (iron silicate). Sometimes 
the iron and magnesium is 
replaced by manganese to form 
the mineral tephroite. 

Common basic igneous rocks 
are basalt, dolerite and gabbro. 
When magma begins to cool, 
olivine group minerals are the first 
to crystallise and so they tend to 
occur in the dark, dense rocks 
formed at high temperatures. 

Olivine group minerals do not 
form large proportions of the rocks 
in which they occur except in the 
ultrabasic rock peridotite. One type 
of peridotite, namely dunite, consists 
almost entirely of olivine minerals. 
Ultrabasic rocks contain less than 45 


ORIGINS and 
DISTRIBUTION 


Olivines are rock-forming 
minerals which occur principally 
in basalt, dolerite and gabbro, all 
widespread igneous rocks. They are 
also found in rocks that have been 
altered by heat and/or pressure 
(metamorphic rocks) and in 
peridotite, which is the principal 
constituent of the Earth's mantle. 
In addition, some forms of olivine 
have been found in iron-based 
meteorites from outer space. 
Olivine minerals are found in 
all parts of the world in basic 
igneous rocks. 


4 A green olivine mineral from 
Kansas (USA). 


per cent total silica and form 

from magma at great depth in the 
Earths crust. The upper parts of 
the Earth's mantle (the layer below 
the crust) may be largely composed 
of peridotite. 


Gem variety 

The gem variety of olivine group 
minerals is called peridot. It is an 
attractive, durable green gemstone. 


Y A small cut specimen of peridot, 
the gem-quality variety of the olivine 
group minerals, surrounded by rough 
waterworn specimens. 


Bismuthinite is one of the most 

important ores of bismuth, 

a valuable metal with a wide 
range of industrial uses. 


ismuthinite is a light, lead-grey colour. It was 
first identified as a distinct mineral in 1832 
and named for its bismuth content. 
Bismuthinite is one of the two most important 
industrial ores of bismuth, the other being bismite 
(bismuth oxide). 


Uses of bismuth 

Bismuth (chemical symbol Bi) is a pinkish white 
metallic element which is sometimes found naturally 
in isolation — in scientific terms, it is said to be a 
native element. As a poor conductor of electricity and 
heat, it is an important component of a wide range of 
fire-safety devices, especially thermally activated fire- 
detectors and sprinkler systems. It is easy to melt and 
may thus be combined with other metals (notably 
cadmium and tin) to make various alloys with low 


minerals, each molecule being a combination of two 
atoms of the metallic element bismuth and three 
atoms of the non-metal sulphur. 

Crystals of bismuthinite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. Crystals may 
be needle-shaped (acicular) or prismatic, but are 
fairly rare. Most specimens of this mineral have a 
massive (no particular shape) or fibrous habit. 

If crystals of bismuthinite are subjected to 
pressure, they will break off cleanly along their 
weakest surfaces: in scientific terms, the mineral is 
said to display perfect cleavage. 

Bismuthinite is heavier than stibnite, a similar- 
looking sulphide mineral. 


A An aggregate of prismatic bismuthinite crystals from 
a mine at Brosso, near Turin (Italy). 
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Industrial mineral 


melting points for die-casting. Elsewhere, bismuth 
is used in the manufacture of acrylic fibres, as a 
component of malleable iron and as a fuel carrier 
in nuclear reactors. 

Similar mir Is 

The chemical composition of bismuthinite is similar 
to that of guanajuatite, a sulphide of bismuth in which 
some of the sulphur has been replaced by the metallic 
element selenium. Bismuthinite may bear a close 
physical resemblance to stibnite, a sulphide of 
antimony with the chemical formula Sb,S,. 


Bismuthinite will dissolve in nitric acid leaving behind 
flaky sulphur particles on the surface of the solution: 


this is one of the main clues to its identity. 


- Bismuthinite is found in hydrothermal veins. 
These occur where hot, water-based fluids seep up 
into cracks (usually faults) in the Earth's crust and 


deposit minerals. 


Bismuthinite is often associated with a 
variety of other sulphide minerals, such as galena, 
chalcopyrite, sphalerite and pyrite. Bismuthinite is 
also found in granitic igneous rocks, where it occurs 
with tourmaline and quartz. 

Bismuthinite is found in many parts of the world. 
Some of the most important locations include: 
Australia; Tazna (Bolivia); Canada; Cam Brea, Cornwall 
(England); Sardinia and Turin (Italy); Mexico; Peru; and 


Connecticut (USA). 


A Needle-shaped 
(acicular) crystals of 
bismuthinite from 
Cornwall (England). 


A 4 A specimen 
of bismuthinite 
from Brosso, near 
Turin (Italy). 


4 Prismatic crystals of 
bismuthinite from 
Brosso, near Turin 
(Italy). Note the visible 
lines of cleavage. 
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BISMUTHI 


Group: Sulphides 


Crystal system: Orthorhombic 


Chemical formula: Bi;S; 


Hardness: 2 


Density: 6.78 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Light grey 


Streak: Dark grey 


Lustre: Metallic 


Fluorescence: None 


í Scheelite 


= Scheelite is an important 
industrial source of the 
metallic element tungsten. 


cheelite may be colourless, white, grey, brown, 

green, red or yellow. It was first identified as a 

distinct mineral in 1821 and named in honour 
of the distinguished Swedish chemist Karl Wilhelm 
Scheele (1742—1786). 

After the ferberite-hubnerite series of minerals, 
scheelite is the world's second most important ore of 
tungsten, an element which has a higher resistance to 
heat than any other metal and melts only at 
temperatures in excess of about 3410°C. 

Crystals of scheelite may be very large and some A Crystals of scheelite from the Traewa Mine, 
weigh more than 500g. Scheelite crystals are not South Korea. 

i generally used as gemstones, though at times they have 
6 been cut and faceted. The mineral is not colourful and 
is rather too soft to withstand everyday use. 


Scheelite is a member of the tungstate group 
Uses of tungsten of minerals, each molecule containing one 
Tungsten has a wide range of industrial applications. . atom of calcium, one atom of tungsten and four 


It was first used as a lamp filament and its main uses 


atoms of oxygen. 
Crystals of scheelite conform to the 
tetragonal system of symmetry, in which the three 
crystallographic axes are at right angles to each 
other but only two are equal in length. Crystals 
often take the form of bipyramids and many grow 
together (a phenomenon known as twinning). 
Massive aggregates and grains may also be found. 
Scheelite weighs about six times more than the 
equivalent volume of water at room temperature. 


by heat (metamorphic rocks) and in narrow areas 
that have been affected by the action of hot water 
(hydrothermal veins). 

Some of the most important scheelite deposits 
are found in the following locations: Cornwall and 
Cumbria (England), Sandong (South Korea), and 
Arizona and California (USA). ~ 


4 Bipyramidal crystals of brown scheelite from 
Morro Velho, Minas Gerais (Brazil). 
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Industrial mineral 


are still in electrical contact points. It is an important 
component of gauges and X-ray targets, and is used in 
the manufacture of high-speed drill bits and cutting 
tools. Tungsten is also a vital component of steel alloys, 
especially in the aerospace industry where it is used to 
make the nozzles of rockets which need to withstand 
the enormous heat generated by re-entry from outer 
space into the Earth's atmosphere. 


Solid solution series 
Scheelite is a tungstate of calcium but in some 
cases atoms of tungsten may gradually be replaced 
by those of another metallic element, molybdenum, 
forming another mineral, powellite. In scientific 
terms, scheelite and powellite are said to form the 
end members of a solid solution series. The two 
minerals are often externally similar and are thus 
described as isomorphous. 

Scheelite and powellite differ in a number of ways 
and thus can be told apart from one another without 
too much difficulty. The hardness test will give 


A Brown 

and yellow 
crystals of 
scheelite from 
Turin (Italy). 


SCHEELITE 


Group: Tungstates 


Crystal system: Tetragonal 
Chemical formula: CaWO, 
Hardness: 4/—5 

Density: 6.1—6.2 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Colourless, white, grey, brown, 
yellow, green, red 


Streak: White 
Lustre: Vitreous to adamantine 


Fluorescence: Bright blue 


different results for each of the 
two minerals. Scheelite has a 
hardness of 4% to 5 on the Mohs 
Scale and so can be scratched 
with a knife blade. However, 
powellite at 34 to 4 is a good 
deal softer. 

If the density of the two 
minerals is tested accurately, it 
will be found that scheelite is 6.2 
times heavier than an equal 
volume of water, while powellite 
is less dense at 4.2 times heavier 
than an equal volume of water. 


Tests 

Scheelite may emit a bright 
blue light under a short-wave 
ultraviolet lamp: the scientific 
name for this is fluorescence. 
Another test is that specimens 
will dissolve in acids. 


4 Bipyramidal, yellow-brown 
crystals of scheelite from the mines 
at Traversella, Ivrea, Turin (Italy). 


! MINERALS 


Staurolite is a widespread mineral 
which often occurs in distinctive 


cross-like shapes. 


taurolite is reddish brown or brownish black 

in colour. Its crystals are frequently twinned to 

produce cruciform (cross-shaped) structures: 
this gives rise to the name, which comes from the 
Greek stauros, meaning ‘a cross’. Staurolite was first 
identified as a distinct mineral in 1792. 


Silicate group 

Staurolite is a member of the silicate group 

of minerals and is a hydrous silicate of iron, 
magnesium, zinc and aluminium. Its colour varies 
from reddish brown to dark brown and it can also 
be yellowish brown to almost black. It has a 
colourless streak. 


Twinned habit 

Possibly the most characteristic feature of staurolite 
is the twinned habit, which produces cross-shaped 
twinned crystals. Depending on how the twinned 
crystals are arranged, the cross shapes can be at 
either 90° or 60°. Staurolite may also occur as grains 
or in irregular shapes (massive habit). 


A A brown prismatic crystal of staurolite on white cyanite (an aluminium 


silicate). This specimen was found in Switzerland. 


A Magnificent cross-shaped (cruciform) staurolite from 
Sant'Andrea (France). This effect is caused by twinning. 


Because of these cross shapes, twinned staurolite 
crystals have been often polished and used as 
Christian ornaments. However, the mineral is 
seldom used as a gemstone, except infrequently when 
rare transparent crystals are cut and shaped. 


CHARACTERISTICS 


Staurolite is a member of the 
silicate group of minerals. Each 
molecule contains aluminium, 
silicon, oxygen, iron, magnesium 
and zinc. 

Crystals of staurolite conform 
to the orthorhombic system of 
symmetry in which the three 
crystallographic axes are unequal 
in length but are all at right angles 
to each other. Most crystals are 
prismatic and many grow together 
in the phenomenon known 
as twinning. 

Staurolite ranges from 
translucent to opaque, and its 
sheen (lustre) may be glassy 
(vitreous) or resinous. 


Widespread mineral 


A Brownish red crystals of staurolite on quartz from 
Pizzo Forno (Switzerland). 


> These two pairs of staurolite twins have been 
polished for use as crucifixes (France). 


A hard mineral 

Staurolite can be readily identified from other 
silicates, even when it is not in the form of cruciform 
twins, by various properties. It is a very hard mineral 
and registers 7 to 74 on the Mohs Scale of hardness. 
It is thus slightly harder than quartz (which scores 7 
on the Mohs Scale) and can only be marked by 
apatite and harder minerals. 

Because of this hardness, staurolite often occurs in 
alluvial deposits. These are formed by the weathering 
and erosion of rocks and the subsequent deposition 
of the resulting sediment. Resistant minerals, like 
staurolite, can withstand these processes and are 
deposited in alluvial sands. 


Tests and treatment 
Staurolite is most easily recognised by its distinctive 
brown colour and crystals which are twinned in the 
shape of a cross. It has a specific gravity higher than 
average at 3.8, and this can be easily detected by 
testing. It is a hard mineral and will scratch glass. 
Usually staurolite is semi-opaque, with a vitreous or 
resinous lustre. It is virtually insoluble and will not 
fuse (melt). 

Sulphuric acid may affect it slightly and it is best 
to clean specimens with distilled water or weak acid. 


taurolite occurs in rocks that have been altered by i 
heat and/or pressure (metamorphic rocks). It forms 
deep in the Earth in gneisses and mica schists and is 
typically found in association with garnets, cyanite, 
muscovite, paragonite and quartz. In areas where it 
is widespread, staurolite is used as one of the index 
minerals whose presence enables geologists to 
determine the extent of metamorphism. (Other 
index minerals include chlorite, biotite, almandine, 
cyanite and sillimanite.) 

Staurolite is found in the following locations: 
Minas Gerais (Brazil); Moravia (Czech Republic); 
Morbihan, Brittany (France); Como and Sondrio 
(Italy); Loch Ness (Scotland); Pizzo Forno, Ticino 
(Switzerland); and Georgia, New Mexico, North 
Carolina and Virginia (USA), plus many other places. 


Group: Silicates 


Crystal system: Orthorhombic 

Chemical formula: (Fe,Mg,ZnhAIl Si AT),05:(0H]; 
Hardness: 7—7/ 

Density: 3.7-3.8 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Reddish brown, brownish black 


Streak: Colourless 


Lustre: Vitreous to resinous 


Fluorescence: None 


Acids should always be used 
with care in a well ventilated room. 
Children should never use acids without 
adult supervision. 


Morocco is a 
kingdom of 
northwest Africa 
occupying an area 
Of 446,550 sq. km. 
It is bounded in 
the west by the 
Atlantic Ocean, in 
the northeast by 
the Mediterranean 
Sea, in the south 
and east by 
Algeria, and in the southwest by the 
Western Sahara, which it administers. 
The country’s mineral resources include 
vast reserves of phosphates as well as 
iron and zinc ores, manganese and lead. 


The land 
Morocco has the highest mountains in North Africa. 
The Rif Mountains along the Mediterranean coast 
rise to 2400m and the Middle Atlas Mountains reach 
3340m. The Grand Atlas Mountain range, the highest 
and largest part of the Atlas system, begins to the 
southeast of the Middle Atlas and extends 640km to 
the Atlantic Ocean. The Anti-Atlas Mountains, south 
of the western end of the Grand Atlas range, run 
parallel to it. These four mountain ranges form an arc 
enclosing a network of plains and plateaux, which are 
located in distinct zones. 

South of Casablanca there is a region of sand dunes 
along the coastal region. By contrast, the northern 
coastline from Cape Spartel to Melilla comprises 
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On the mineral 
trail: Morocco 
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mostly rocky terrain. Behind the Atlantic coastline 

lies a fertile coastal plain and there are several other 
plains in the interior of the country. These are chiefly 
the plains of Fez and Meknes (the Sebou basin), 
Marrakech (the Meseta region containing the country's 
rich phosphate mining industry) and the Sous plain. 


Mining industry 

By the early 1980s, Moroccos mineral production 
accounted for more than 5 per cent of the national 
income and over half the country's export income. 
Mining enterprises are highly mechanised and most of 
their output is exported without having been processed 
in advance. The government sponsors most mining 
enterprises through its bureau of mining research and 


participation (BRPM). 
Phosphates 


Phosphates are the country's main mineral product. 
Morocco is the world's third largest producer after the 
USA and Russia, and the world’s largest exporter of 
them. By the late 1980s, more than 21 million tonnes 
of phosphates were being produced there annually. 


» "n [A } 


^3 


Phosphates are used in the manufacture of fertilisers 
and account for over half of the country's total mineral 
production and about a third of the value of exports. 
Reserves are estimated at over 40 billion tonnes and 
include over half the world's known reserves. 

Moroccan phosphate occurs above all in one of the 
several forms of apatite. The most important phosphate 
mines are located at Khouribga and Youssoufia and are 
operated by a state monopoly. A more recently opened 
mine is located at Ben Guerir. 

These mining centres are within the Meseta Area 
and are joined by rail to Casablanca and Safi, both 
of which have important chemical industries linked 
to the use of phosphates. The importance of these 
mines and industries to the Moroccan economy cannot 
be overstated. 


Metals 

Lead and zinc are next in importance to phosphates. 
By the end of the 1980s, 105,100 tonnes of lead and 
19,600 tonnes of zinc were being produced annually. 
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A A view of the Grand 
Atlas Mountains. These, 
together with the Middle 
Atlas and Anti-Atlas 
chains, are the highest 
and most important 
ranges in North Africa. 


4 Le Chapeau Napoleon 
(*Napoleon's Hat’) in the 
Anti-Atlas mountain range 
in southern Morocco. This 
famous geographical 
feature is the product of 
extensive wind erosion 
over millions of years. 


The most important mines are located at Oujda in 
northeast Morocco near the Algerian border. 

Some 200,000 tonnes of iron ore are extracted each 
year from the nearby mines of Nador, and there are 
richly productive iron ore mines in the Rif region to 
the south of Melilla. 

Small quantities of cobalt, copper, potassium, silver 
and tin ores are mined in various locations, and at El 
Aioun in eastern Morocco over 40,000 tonnes of 
manganese ore are mined annually. Minerals such as 
hauyne and anglesite are also to be found in the 
mining areas. 


Other resources 

Over half a million tonnes of anthracite coal are mined 
annually at Jerada in the northeast of the country and 
total reserves are estimated at approximately 100 
million tonnes. Since the 1970s, petroleum reserves 
have been depleted and the Mohammedia oil refinery 
to the north of Casablanca has been set up to process 
imported oil. 


Synthetic gems are manufactured by Man rather than created by nature. 
Some are made from completely different materials, such as glass, while others 
are created from the same chemical components as their natural equivalents. 
Among the most important synthetically produced gems are diamond, 
emerald, ruby and sapphire. 


For thousands of years, gemstones have been imitated 
artificially using less valuable minerals or ‘paste’ (a 
form of glass). Paste gems are easy to make, colour 
and cut but their use is limited because they are easily 
damaged, and bubbles and scratches often appear in 
them during the manufacturing process. 

Composites are synthetic gems made of two 
or three pieces of glass or cheaper mineral material 
glued together to simulate the appearance of genuine 
precious stones. These are called respectively doublets 
or triplets. 


Diamond has always been one of the most difficult 
gemstones to imitate. Both diamond and graphite 
are forms of the same chemical element, carbon. 
Graphite forms at low pressure, while diamond 
derives its great hardness from having been created 
under conditions of immense pressure and heat. 
Scientists long believed that, if graphite could be 
pressurised sufficiently, it would be converted into 
the precious gem variety of carbon. 


The first report of a synthetic diamond was made 

in 1880 by the Scottish chemist James Ballantyne 
Hannay. He claimed to have made it by heating a 
mixture of paraffin, bone oil and lithium to red heat 
in sealed, wrought-iron tubes. 

Then, in 1893, the French chemist Henri Moissan 
claimed to have made diamonds by placing a crucible 
containing pure carbon and iron in an electric 
furnace, subjecting the mixture to temperatures of 
about 4000°C and then pressurising it by sudden 
cooling in a water bath. This experiment has since 
been repeated many times, but the resultant crystals 
are not diamonds. 

During the 1940s, US physicist Percy Williams 
Bridgman subjected graphite to pressures of many 
thousands of atmospheres but still failed to convert it 
into diamond. Nevertheless, his work paved the way 
for the first confirmed synthetic diamonds which 


A cut diamond (centre) surrounded by various 
synthetic imitations, including rock crystal, cubic 
zirconia, glass, spinel and strontium titanate. 
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Synthetic gemstones 


were produced in 1955 by the General Electric 
Company in New York (USA). The stones were made 
by subjecting graphite to pressure of about 100,000 
atmospheres and temperatures of around 3000°C. 


Owing to recent advances in the science of crystal 
growth, diamonds can now be imitated by a 
completely artificial product called cubic zirconia. This 
compound has good optical properties and is cheaper 
than real diamond. It so closely matches diamond in 
brilliance and colour dispersion that a well-cut zirconia 


Synthetic blue sapphire 
produced by the Verneuil 
process. 


Synthetic red ruby produced 
by the Verneuil process. 


gemstone is virtually 
impossible to distinguish 
from the real thing without 
the aid of a microscope or 
spectroscope. 


Most of the chemical and 
physical properties of 
synthetic diamond are the 
same as those of the natural 
form. However, synthetic 
diamonds can be made 
larger than the real things 
and grown into particular 
shapes. In addition, 
synthetic diamonds have 
fewer impurities and this 
may increase their usefulness 
and value. Synthetic 
diamonds are sometimes 
used in jewellery but are 
mainly used to make 
grinding wheels for 
sharpening tungsten 
carbide tools. 


Synthetic ruby and sapphire 
were first successfully made 
by the French chemist 
Auguste Verneuil in 1902. 
He devised a flame-fusion 
method of ruby synthesis 
which is still used 
extensively today. 


The production of emeralds 
by artificial means uses the 
flux fusion technique. This 
produces flawless specimens 
but is a slow process. 


Natural emerald on rock 
together with a specimen of 
synthetic emerald crystals 
(right). Some of the cut stones 
at the bottom of the picture 
are natural, while others have 
been artificially produced. 


Sulphates I 


Sulphates are chemical compounds in which one or more metallic elements 
combine with the non-metals sulphur and oxygen. 
There are more than 200 minerals in this group. Gypsum, the most 
abundant, is important in the construction industry. 


A Ithough there are over 200 distinct sulphate 

minerals in all, many of these are extremely 
rare and confined to a very few locations. 
Indeed, some have been found in only one place. 


Essential ingredients 
All sulphate minerals contain one atom of sulphur 
combined with four atoms of oxygen (chemical 
formula SOx). This atomic grouping (or radical) is 
then combined with one or more metallic elements. 
There are four main types of sulphate mineral. One 
of the largest groups is made up of sulphates which 
formed through the action of oxygen on pre-existent 
sulphide materials. (This oxygen came from air and 
water.) In scientific terms, such minerals are known as 
late oxidation products. Some of the most widely 
occurring sulphates are basic compounds containing 
cobalt, copper, iron, nickel or zinc, together with a 


number of attached molecules of water of 
crystallisation. Because of this water, these sulphates 
are said to be hydrated minerals. 

Many hydrated sulphates are found at or near the 
site of pre-existent sulphides which have undergone 
oxidation through exposure to weathering and 
circulating water. Thus they are secondary minerals 
which formed as a result of changes to older minerals. 

Many sulphates belong to the evaporite group of 
minerals. Evaporite deposits form when salt water 
evaporates. Sulphates are also likely to occur in areas of 
volcanic activity and around hot springs and geysers. 

The following are some of the best known and 
most important members of the sulphate group. 


Anglesite 

Anglesite is a sulphate of lead (chemical formula 
PbSO,) and a minor ore of that valuable metal. It is 

a secondary mineral which is usually formed by the 
oxidation of galena (lead sulphide, chemical formula 
PbS) and sometimes occurs in concentric bands around 
the primary, parent mineral. Anglesite often forms 
shortly before or at the same time as cerussite (lead 
carbonate, chemical formula PbCO,). 


Anhydrite 

This is an important industrial mineral composed of 
calcium sulphate. Unlike many sulphates, it has no 
attached molecules of water and is therefore said to be 
anhydrous. However, in humid conditions it may take 
in water from the atmosphere: in this case, it becomes 
gypsum. Anhydrite is one of the major evaporite 
minerals and occurs most often in salt deposits in 
association with gypsum. It is used in plasters and 
cement as a drying agent. Some of the world's largest 
sources are found in Canada, England, France, India 


and the USA. 


Barite 

Barite (chemical formula BaSO,) is the most commonly 
occurring ore of barium and the mineral is used to add 
body to the drilling mud in oil wells. Barite forms in 


4 Prismatic crystals of anglesite (lead sulphate). This 
fine specimen was extracted from the Monteponi Mine 
near Iglesias on the island of Sardinia (Italy). 
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Sulphates I 


hydrothermal veins containing ores of lead, zinc and 
silver, and in sedimentary rocks such as limestone. 
The world's most important industrial deposits are 
found in Germany, Spain and the USA. 


Celestine 

Celestine — which is often also known as celestite — 
is a sulphate of strontium. This metallic element is 
important in the refining of sugar beet and in the 


manufacture of distress flares and other pyrotechnics. 


Abundant deposits of this mineral are found around 
Bristol (England), in Sicily (Italy), and in California 
and Ohio (USA). 


A White crystals of 
celestine (strontium 
sulphate) with crystalline 
sulphur (Agrigento, Italy). 


> A specimen of 
pale blue anhydrite 
(calcium sulphate). 


DISCOVERY 


Epsomite 

Epsomite is a common and widespread 

hydrated magnesium sulphate (chemical formula 
MgSO,.7H50O). It was first discovered in association 
with mineral waters at Epsom, Surrey (England), 
and it is from there that it takes its name. Epsomite 
is widely used in the manufacture of fertilisers and, 
in its purified form, as Epsom salts, a medical 
laxative. The main deposits are found in Canada, 


England, Italy and the USA. 


Gypsum 

Gypsum is composed of hydrated calcium sulphate. 

It has a wide range of uses, notably in plaster of Paris 
and the manufacture of building materials. Gypsum 
is found in abundance in many places, most notably 
in Chile, England, France, Mexico, Russia and 


California (USA). 


Linarite 

Linarite is a sulphate of lead and copper which forms 
in the oxidation zones of both these metals. There 
are important deposits of this mineral at Leadhills in 
Strathclyde (Scotland) and at the Mammoth Mine in 
Tiger, Arizona (USA). Industrially exploitable 
deposits are found in several other countries, 
including Argentina, Canada and Russia. 


Polyhalite 

Polyhalite is a sulphate of potassium, magnesium 
and calcium which forms as an evaporite deposit in 
association with anhydrite, gypsum and halite. It 

is generally colourless, white or grey but may be 
coloured pink or red by inclusions of iron oxide. 

It makes up approximately 7 per cent of the rock 
in the salt deposits at Stassfurt (Germany) and is 
also abundant in Russia, New Mexico and 


Texas (USA). 
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Opal 


The beautiful opal 
~ gemstone is closely 
related to quartz. It is 
mainly used in jewellery, 
and its colour can be changed by 
the heat in the palm of your hand. 


pal is formed from silica with added 

molecules of water. It has an amorphous 

structure and so cannot be classified in 
any of the systems of crystal symmetry. Precious 
opals are used in jewellery, while less valuable 
material has industrial applications as an abrasive 
and in ceramics. 


Precious opals 
Precious opals come in many colours and can show 
flashes of coloured lights. They may be milky white 
or black, with a mixture of red, blue, yellow and other 
colours. The greater and more brilliant the interplay 
of colours, the more valuable the gemstone. 
The less precious or common opals, on the other 
hand, are often opaque and do not display any lights. 
The coloured lights (called fire) that the precious 
opals display are caused by diffraction in the tiny silica 
spheres inside the gemstone. The larger the spheres, 
the larger the range of colours. You can sometimes 
make an opal more colourful simply by holding it — 
the heat in your hand will expand the spheres 
and increase their range 
of colours. 
There are many 
varieties of opal. Fire opal 
has red and yellow as its 
dominant colours. When 
the gemstone is turned, 
these colours combine to 
produce flame-like 


> A Opal from 
Queensland, Australia. 


> Moss opal with 
characteristic dark tree- 
like impurities (from Turin 
in Italy). 


<A beautiful 
example of fire 
opal from 
Mexico. 


FACT FILE 


OPAL 


Group: Oxides 


Crystal system: None (amorphous) 


Chemical formula: Si0;.nH;O 
Hardness: 5/-6% 
Density: 2.0—2.25 
Cleavage: None 


Fracture: Conchoidal 


Colour: Colourless, white, grey, black, red, 
green, blue, yellow, brown 


Streak: White 
Lustre: Vitreous to pearly or resinous 


Fluorescence: Yellow or green 
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A A fire opal from Mexico. 


reflections. Hyalite is a colourless, 
bubbly opal. Wood opal is wood 
that has been partially replaced by 
opaline silica. Hydrophone is an 
opal that becomes transparent when 
placed in water. 


The cut 

The dome-shaped cabochon cut 

is commonly used on opals. Opal 
must be cut slowly and with plenty 
of coolant because of its great 
sensitivity to heat. 


CHARACTERISTICS tf 


Opal is a hydrated oxide of silicon. It is amorphous - 
this means it cannot be assigned to any of the 
crystal systems. 

Opal occurs in a wide variety of habits (shapes). 
These include reniform (kidney shaped), botryoidal 
(like a bunch of grapes), globular, stalactitic and 
coralloidal (like a mass of coral). It can replace organic 
material such as wood in such a way that the original 
structure of the organic tissue is preserved. 

The structure of opal can be clearly seen under a 
microscope - it is made up of tiny spheres of silica 
(another name for silicon dioxide) with roughly equal 
gaps between them. It is believed that the size of the 


spheres has a direct bearing on the gemstone's colour. 


The specific gravity (density) of opal is slightly 
lower than that of quartz. Opal is fairly hard - it 
registers 54 to 6% on the Mohs Scale. It is very fragile - 
when exposed to the air, it loses molecules of water 
and develops tiny fractures. 

Opal is often transparent with a glassy, resinous or 
pearly lustre. When it is exposed to ultraviolet light, it 
often gives off a yellow or green fluorescence. It is 
insoluble in acids. When heated, it loses its water, 
decomposes and may turn to chalcedony or quartz. 


ORIGINS and 
DISTRIBUTION 


Opal occurs in many geological situations but 
is usually found in sedimentary rocks. It forms 
at low temperatures from water rich in 
dissolved silica, particularly near hot springs. 
Precious opals.come from Romania and 
from Idaho, Nevada and Oregon, USA. Black 
opals come from New South Wales (Australia), 
fire opals from Mexico. Geyserite (an opaline 
deposit) is abundant around hot water 
springs in Iceland, New Zealand and 
Yellowstone National Park, Wyoming, USA. 


4 Two precious opals from Australia, 
and a fire opal from Mexico. 


Testing for opal 

Opal can be distinguished from 
other types of silica-rich minerals by 
a number of properties. It often has 
very striking colours and a play of 
colour and light that is very 
different from quartz and 
chalcedony. The hardness of opal 
ranges between 5% and 67 and so it 
is slightly less hard than quartz and 
chalcedony, which both register 7 
on the Mohs Scale of hardness. 

If a proper test for density were 
to be carried out for opal, quartz and chalcedony, opal 
would be found to be slightly less dense than the other 
two at 2.0 to 2.5. Quartz and chalcedony are both 
2.65. Opal lack of a crystalline habit readily 
distinguishes it from quartz, and its lack of a banded 
structure distinguishes it from agate. 

Opal often fluoresces in ultraviolet light. It is 
insoluble in acids and decomposes when it is heated. 


Opal may turn into the minerals chalcedony or quartz 
when it loses its water. 


A A specimen of the hyalite variety of opal from 
Grosseto in Italy. 


Acanthite is a silver sulphide 
mineral which forms at 
lower temperatures than 
the closely related and 
chemically identical argentite. 
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canthite is black or dark grey in colour and 
specimens are opaque with a metallic sheen 
(lustre). The name of this mineral is derived 
from the Greek akanthos, meaning ‘thorny’. This 
is the same etymology as the plant Acanthus and 
refers to the typically spiky crystal shapes. 


Similar mineral 
Acanthite is closely related to argentite and the 
two minerals are very similar in many ways. 
Both argentite and acanthite are sulphides of silver 
and have exactly the same chemical formula — Ag,S. 
The main difference between them is the structure of A A specimen 
their crystals: while argentite conforms to the cubic of acanthite, 
system of symmetry, crystals of acanthite are classified which is often ^ Acanthite is a member of the sulphide 
in the monoclinic system. found in . group of minerals. Each molecule is 
association | composed of two atoms of silver 
Dimorphism with argentite, | combined with one atom of sulphur. 
The scientific term for this phenomenon is an important . Crystals of acanthite conform to 
dimorphism. Two minerals which have the same ore of silver ^. the monoclinic system of symmetry 
| in which no crystallographic axis is 
a | the same length as any other. The 
crystals occur as prisms or in pseudo- | 
cubes which resemble argentite. 

The sheen (lustre) of acanthite 
may vary, depending on whether the 
surface has come into contact with 
the atmosphere: freshly unearthed 
specimens have a metallic 
appearance, while acanthite which 
has been exposed to the air will be 
less brilliant. Any tarnish may be 
removed with ultrasound. 

Acanthite is a soft mineral, scoring 
only 2-27 on the Mohs Scale, and may 
be scratched easily with a coin. 


4 This grey acanthite has formed in a 
rich hydrothermal vein, where it is 
associated with a wide range of lead-, 
silver- and zinc-bearing minerals (Mexico). 


‘Widespread mineral - 


MINERALS 


> A specimen of 
acanthite, a silver- 
bearing mineral 
sometimes found 
in association 
with the 

native metal. 


ORIGINS and 
DISTRIBUTION 


Acanthite is typically a product of low 
temperature hydrothermal veins, 
where it is found in association with 
other silver minerals or disseminated in 
tiny crystals in galena (lead sulphide). 
Some of the finest acanthite 
deposits are found in the following 
locations worldwide: Jachymov 
(Czech Republic); Freiberg (Germany); 
and Chihuahua and Zacatecas (Mexico). 
In the USA, there are large quantities 
of acanthite to be-found at "ow 
and in the ComstockLodeat 
Georgetown (Colorado). $ = 


chemical composition, but which are 
distinguishable by their crystallography, 
are said to be dimorphous. 


Temperature variations 
Acanthite and argentite crystallise at different 
temperatures — argentite is stable at over 
180°C, while acanthite forms only at 
lower temperatures. 
Acanthite is more common and widely 
distributed than argentite, which is an important 

ore of silver. Many of the specimens displayed or 
marketed as argentite are in fact acanthite. 


Tests and treatment 
Acanthite is soluble in dilute acids. It melts (fuses) 
easily, giving off sulphurous fumes. 

Acanthite should be cleaned with distilled water — 
ordinary tap water should not be used because it 
contains impurities which may damage the crystals. 


4 This specimen - consisting of acanthite on quartz - 
was found in Mexico. 


FACT FILE 


ACANTHITE 


Group: Sulphides 


Crystal system: Monoclinic 
Chemical formula: Ag;S 
Hardness: 2-27 

Density: 7.22 

Cleavage: None 


Fracture: Uneven 


Colour: Dark grey or black 


Streak: Dark grey to black 


Lustre: Metallic 


Fluorescence: None 


Anhydrite 


Closely related to gypsum, 
anhydrite is a form of 
calcium sulphate with 

a wide range of industrial uses. 


nhydrite is typically colourless or 

white. There is often a bluish tinge 

and it may also be brownish, 
reddish or grey. The name of this mineral 
is derived from the Greek anhydros 
meaning ‘without water’. 


Absence of water 

Both anhydrite and gypsum are 

naturally occurring forms of the same 
chemical compound, calcium sulphate. 
The crucial difference between the two 
minerals is that while every molecule of 
gypsum has two molecules of water of 
crystallisation attached to it, anhydrite has 
none: as its name suggests, it is anhydrous. 


Uses 

Anhydrite has a wide range of industrial 
uses, principally in the manufacture of 
sulphuric acid, cement and plaster. Plus it 
is used in fertilisers and as a drying agent. 
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A Colourless anhydrite from Turin (Italy). Note 
particularly the pearly sheen (lustre) and the visible lines 
of cleavage along which the specimen would break if it 
were subjected to pressure. 


Anhydrite is a member of the sulphate group 

of minerals: each molecule contains one atom of 
calcium, one atom of sulphur and four atoms 

of oxygen. 

Crystals of anhydrite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. However, 
crystals are rare, and most deposits are compact, 
fibrous, granular or massive in form. 

Anhydrite weighs almost exactly three times 
more than the equivalent volume of water at room 
temperature: in scientific terms, it is said to have a 
specific gravity (SC) of 2.98-3.00. At 34 on the Mohs 
Scale of hardness, anhydrite is a fairly soft mineral. 
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Tests and treatment 
Anhydrite may be 
distinguished from gypsum, 
to which it is closely related 
chemically, by its hardness 
and density. Gypsum scores 
only 2 on the Mohs Scale of 
hardness, and can be easily 
marked with a fingernail. 
Anhydrite, however, is 
harder at 34 , the same 
hardness as a coin. Anhydrite 
has a higher density 
(2.98—3.0) than gypsum, 
which has a density of 2.32. 
The two minerals belong 
to different crystal systems. 
Gypsum is monoclinic, 
whereas anhydrite's crystals 
are classified in the 
orthorhombic system. 
When specimens of 
anhydrite are heated, they 
melt (fuse) easily and the 
calcium they contain colours 
the flame a distinctive brick 
red. In humid conditions, 
anhydrite will take in water 
and change to gypsum. To 
prevent this reaction, 
anhydrite must be kept in 
an airtight container. It may, 
alternatively, be covered with 
a lacquer spray, but this 
method is not generally 
favoured by mineralogists 
because it makes it 
impossible to carry out 
any further tests. 


A White anhydrite from 
Grosseto (Italy). 


FACT FILE 
ANHYDRITE 


Group: Sulphates 
Crystal system: Orthorhombic 
Chemical formula: CaSO, 


Hardness: 3/ 


Density: 2.98-3.00 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless, white, grey, bluish, 


reddish, brownish 
Streak: White 


Lustre: Vitreous to pearly 
Fluorescence: None 


ORIGINS and 
DISTRIBUTION 


Anhydrite is an evaporite mineral. 

It is also found in dolomites and 
limestones and as a gangue mineral 

in ore veins. It commonly occurs in 
association with gypsum (from which 
it may form through dehydration) and 
rock salt (halite). 

The main anhydrite deposits are 
found in the following locations: 
Innsbruck (Austria); Bancroft, Ontario 
(Canada); Cumbria and County 
Durham (England); Stassfurt _ 
(Germany); Wieliczka (Poland); Vaud 
(Switzerland); and Louisiana, New 
Mexico, South Dakota and Texas (USA). 


4 White and colourless 
crystals of anhydrite. The 
world's most abundant 
deposits of this valuable 
industrial mineral are 
found in the 'cap rocks' 
which form above the salt 
domes on the border 
between the states of 
Louisiana and Texas (USA). 


Franklinite 


Franklinite is a rare mineral which 

contains zinc, iron and manganese. 

The largest known octahedral crystals 
can be almost 30cm in length. 


ranklinite is a black mineral. It is named after its 

classic location (type locality) — the mines at 

Franklin, New Jersey (USA). It is neither 
common nor widespread, and is of interest to 
collectors because of its rarity. 


Spinel group 
Franklinite is a metallic oxide in the spinel group, 
other members of which include chromite, gahnite, 
hercynite, magnesio-chromite, magnetite and 
spinel itself. 

The group takes its name from the Latin 
spinella, meaning ‘little thorn’ — a reference to the 


typically spine-shaped appearance of their eight- 
sided (octahedral) crystals. 


Tests and treatment 
In normal conditions, franklinite is only weakly 
magnetic, although it may become strongly attractive 


A Black franklinite 
with reddish zincite 
(zinc oxide). 


4 Franklinite from Franklin, New Jersey (USA). 
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Franklinite is a member of the oxide group of 
minerals. Each molecule contains four atoms of 
oxygen combined with zinc, manganese and iron. 

Crystals of franklinite conform to the cubic 
system of symmetry. They often occur as eight-sided 
shapes (octahedra). 

Franklinite has a distinctive metallic sheen 
(lustre). Its streak is reddish brown or black: this is 
the colour that all specimens would be if they were 
reduced to powder. 


Rare mineral 


to iron when heated. It will not melt (is infusible) in 
an open flame. 

Franklinite is soluble in hydrochloric acid but 
gives off no effervescent fizz as it dissolves. 

It is a relatively hard mineral, scoring 5% to 6% 
on the Mohs Scale of hardness. It can therefore be 
marked with a specimen of quartz (hardness 7). 

Its density is much greater than the average for 
rocks and minerals, being about 5.2, and hand 
specimens of franklinite appear to be heavier than 
| expected when picked up. This density is a result of 
| the metal content in the mineral. 
| Franklinite is fragile and easily broken, but 
it lacks cleavage. It has a subconchoidal or 


uneven fracture. 


| — iii 


A Franklinite from Franklin, New Jersey (USA). The red 
areas are zincite; the white mineral is calcite. 


ORIGINS and DISTRIBUTION 


-Franklinite forms in crystalline limestones through 
metasomatism - the chemical alteration of minerals 
through interaction with fluids. It is often found in 
association with zincite and sometimes with garnet, 
magnetite, rhodonite and willemite. 

Franklin, New Jersey (USA), is the only major source 
of franklinite, although it is also found at Sterling Hill, 
Ogdensburg, in the same state, and at Banat 
(Romania) and Langban (Sweden). 


Ln n 


FRANKLINITE 


Group: Oxides 


Crystal system: Cubic 

Chemical formula: (Zn,Mn,Fe)(Fe,Mn),0, 
Hardness: 5%-6% 

Density: 5.07—5.22 

Cleavage: None 


Fracture: Uneven to subconchoidal 


Colour: Black 
Streak: Reddish brown to black 
Lustre: Metallic 


Fluorescence: None 


< A typical specimen of black franklinite with red zincite and white 
calcite (Franklin, New Jersey, USA). 


DISCOVERY 17 


, Sulphates II 


Here we take a look at some more members of the 
sulphate group of minerals. Some of these minerals contain copper 
which gives them a striking blue or green colour. 


II Se3eudins 


Alunite 

Alunite is a sulphate of potassium and 
aluminium with the chemical formula 
KAI,(SO,),(OH))>. It is an important 
source of alum, which is used in 
industry to fix dyes and in medicine 
as an astringent or styptic to contract 
blood vessels and stem bleeding. Large 
deposits of alunite occur in Australia, 


Spain and the USA. 


Antlerite 
Antlerite is a form of copper 
sulphate with the chemical formula 
Cu,SO,(OH),. First identified in 
Arizona (USA), at the Antler Mine 
from which it takes its name, it was 

e confirmed as a distinct mineral in 1889. 
It is found mainly in the oxidised zones 
of copper deposits. Localities where 
antlerite is found include Chuquicamata 
(Chile), Coahuila (Mexico) and Alaska 
and Arizona (USA). A Antlerite, one of several naturally occurring forms of copper sulphate. 


Brochantite 

Brochantite is another 
naturally occurring form of 
copper sulphate. It contains 
exactly the same elements as 
antlerite, but in different 
proportions: the chemical 
formula of this mineral is 
Cu4,SO,(OH),. It is usually 
found in association with 
azurite and other minerals in 
the oxidised zones of copper 
belts, mainly, but not 
exclusively, in desert regions. 
Brochantite is found in 
Chile, Democratic Republic 
of the Congo, Spain and 
Arizona (USA), and it also 
occurs in Germany, Iceland 
and Russia. 


4 A massive specimen of brochantite. 
The distinctive blue coloration is 
caused by the presence of copper. 


Sulphates II 


Chalcanthite 

Chalcanthite is another sulphate of copper with the 
chemical formula CuSO,.5H,O. Its blue crystals 
dehydrate and reduce to powder on exposure to the 
air. Like antlerite and brochantite, it forms in the 
oxidised zones of copper deposits, but it is more 
widespread than either of these minerals. The 
world's most important sources of chalcanthite are 
found in Chile, England, Germany, Ireland, and 
the US states of Arizona, California, Montana, 
Nevada and New Mexico. 


Coquimbite 

Coquimbite is a rare sulphate of iron. The mineral 
is hydrated with nine attached molecules of water 
of crystallisation. It was first classified as a distinct 
mineral in 1841 and named after Coquimbo 
(Chile): specimens from this region provide a 
measure of authenticity for all new finds. 


Glauberite 

Glauberite forms in 
evaporite deposits when 
inland lakes or marine 
lagoons dry out. When this 
occurs a variety of minerals 
form as precipitates. 
Glauberite is a sulphate of 
sodium and calcium with 
the formula Na,Ca(SO,)). 
It is a grey, colourless or 
yellowish brown mineral 
with a vitreous lustre. It is 
widespread and can be 
found in the following 
regions: Austria, Canada, 
Chile, France, Germany, 
India, Spain and many 
parts of the USA including 
Arizona, California, New 


Mexico, Texas and Utah. 


Halotrichite 

Halotrichite is a sulphate of iron and aluminium 
which is hydrated by 22 attached molecules of 
water of crystallisation. It is an end member of a 
solid solution series in which the iron is gradually 
replaced by magnesium. The other end member of 
the series is pickeringite, a magnesium aluminium 
sulphate with no iron at all. Both minerals form 
through the weathering of pyrite-bearing rocks and 
coal veins. The world’s principal localities for 
halotrichite are Australia, Chile, France, Germany, 
and California and Utah (USA). 


Jarosite 

Jarosite is a yellow or brown sulphate of 
potassium and iron with the chemical formula 
KFe4(SO4),(OH),. It is a secondary mineral which 
forms through the alteration of iron ores. The 
mineral is named after the prime source and 

type locality at Barranco Jaroso in the Sierra 


Almagrera (Spain). 


Thenardite 

Thenardite is a sulphate of sodium (chemical 
formula Na,SO,) which is found as an evaporite 
product of salt lakes in the desert or tundra regions 
of Chile, Egypt, Russia, Spain and the USA. It 
also sometimes occurs as a powdery deposit 
(efflorescence) on arid soil and around the 
fumaroles of volcanoes, notably those near Mount 
Etna in Sicily (Italy). 


4 Crystals of coquimbite, a hydrated mineral 
form of iron sulphate. 


Y A colourless specimen of glauberite, 
a sulphate of sodium and calcium. 


THE STORY OF THE EARTH 


Nearly all the rocks and the minerals 

they contain are located in the uppermost 
part of the Earth's crust, a region which 
varies between about 8km and 35km in 
thickness. Beneath this outer shell lies a 


range of other materials. 


he Earth’s crust generally extends to between 

about 8km and 35km beneath the surface. It 

is thickest under the continental masses (up 
to 90km thick beneath the Himalayan mountain 
range), and thinnest beneath the oceans. 

The Earth’s continental crust is made up 
principally of aluminium- and silica-bearing 
minerals, and its overall composition corresponds 
roughly to that of granite. 

The oceanic crust is dominated by compounds 
of silicon and magnesium and is thus roughly 
equivalent to basalt. 


The crust is separated from the mantle by the 
Mohorovicic (or Moho) Discontinuity, a boundary 
zone named after the Croatian seismologist Andrija 


Mohorovicic (1857—1936). 


The Earth’s mantle extends from the lower edge 
of the Moho Discontinuity to a depth of about 
2900km. The density of material at the top of the 
mantle is about 3300 kilograms per cubic metre; 
under the much greater pressure that exists in the 
lower depths, it reaches 5700kg per cubic metre. 
Although the Earth’s mantle has never been 


A diagram showing the Earth's continental and 
oceanic crusts. The lowest layer (grey) is the mantle. 


A diagram showing the layers of the Earth's interior: 


the crust, the mantle, the liquid outer core and the 
solid inner core. 
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Beneath the Earth's crust 


penetrated, scientists believe that its upper reaches are 
partly composed of the rock-forming silicate olivine, 
while in the lower depths this is converted under great 
pressure into minerals such as perovskite and spinel. 
The whole region is sometimes alternatively referred to 
as the peridotite shell. 


Beneath the Earth's mantle lies a boundary zone 
named the Gutenberg Discontinuity in honour of 
German seismologist Beno Gutenberg (1889—1960). 
Both this and the Moho Discontinuity were originally 
located by plotting the paths of shock waves, generated 
by earthquakes, as they descended into the Earth. 
Seismology revealed that when the waves reached 
certain depths, they behaved in unexpected ways. 
These variations suggested unusual properties in the 
material through which the waves were passing, and 
gave rise to the term ‘discontinuity’. The Gutenberg 
Discontinuity, for example, marks the zone in which 
the Earth's composition changes from the mantle to 
the liquid outer core. The central section of the Earth 
beneath the Gutenberg Discontinuity is known as the 


core. The outer core, which has a radius of about 
1200km, will transmit only some of the seismic waves 
sent out by earthquakes and is therefore at least partly 
liquid. There is also evidence to suggest that the 
innermost core (more than 5000km deep) must be 
solid: the pressure here is so great that it seems to have 
counterbalanced the intense heat which would 
otherwise have melted everything. 

The density of the core ranges from about 9500 to 
14500kg per cubic metre and may be even higher. The 
inner core is thought to be composed mainly of nickel 
and iron. 


The chemical symbols for nickel and iron are 
respectively Ni and Fe, and hence the whole area is 
sometimes referred to by scientists as the ‘nife’. The 
intense pressure in the heart of the Earth raises 
temperatures to more than 2700°C. 


The Earth photographed in 1972 from the Apollo 7 
Moon mission. The cutaway section has been computer- 
generated to show the planet's inner structure. 
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The development of coinage was closely Most of the coins in circulation today are made 
of cupro-nickel alloys. 


linked to advances in metallurgy which 
made it possible to shape native metallic 
elements - particularly gold, silver and 
copper - by heating them to melting 
point and then moulding them into 
the required shape. 


Both sides of an ancient 
coin from Athens (Greece). 


The first coins were 
cast by pouring 
molten metal from a 
crucible onto a flat 
surface and then 
allowing it to cool 

into the characteristic 
lens or disc shape. This 
coin blank (planchet) was 
then placed between an 

upper and a lower die, and a 
hammer blow was used to incise 

the dies’ designs onto both faces. 

(The designs on the dies 

themselves were produced with 

punches or by engraving.) 


he minting of coins began when early 

civilisations developed the technology 

to melt metals and shape them into 
discs. Crude metal shapes were first used as 
currency in the fourth millennium BC, but 
the earliest coins recognisably similar to 
the ones used today were issued by the 
Greeks and the Lydian people of 
Anatolia (present-day Turkey) in the 
late seventh century BC. 


The Lydian King Croesus (reigned 
560—546 BC) is generally credited 
with issuing the first approved 
coinage bearing the name or image of 
& the ruler as a guarantee of its value. CUTS 
Coins were soon adopted throughout che WIIS alloy of gold with at least 20 per cent 
Mediterranean and their use spread fairly silver and some copper and iron. The 
quickly throughout the world. (In China and name electrum derives from the Greek word 
other parts of the Far East, coins developed for ‘amber’, although its colour may in fact vary from 
independently a little later.) white-gold to brassy, depending on the percentage of 


The earliest surviving coins are 
made either from copper or from 
electrum, a naturally occurring 


Coins 


copper that is present. The chief 
ancient source of electrum was the 
River Pactolus in Lydia. 

Later, the alloys were poured into 
moulds which sometimes consisted of 
two parts so that the metal could be 
fully enclosed. Traces of the joining 
line (flash) may still be seen on 
surviving coins of the Roman period. 


Many Greek and Roman coins were 
made of one metal encased inside 
another. This process, known as 
plating, typically involved the creation 
of an envelope of silver sheet which 
was then soldered around a core of 
solid copper. From about 20 BC onwards, Roman 
coins began to be made from brass, an alloy of zinc 
and more than 50 per cent copper, which is easy to 
work and cheaper than unalloyed copper. 


As technology advanced, dies became more and more 
sophisticated. Most of the ancient dies that have 
survived are made of bronze (an alloy of copper with 
varying proportions of tin, zinc and lead), although 
iron dies are thought to have also been widely used. 

By the Middle Ages, coins were commonly made 
by hammering or mill-rolling cast metal into thin 
sheets from which the blanks were cut. Dies began 
to be made of steel, and this allowed the designs to 
become more intricate. New technology made it 
possible to press the coins rather than strike them 
with hammers. 


A mint in the year 1500. Note how impressions were 
made by hammering. 


During the 15th century, the increase in world trade 
gave great impetus to the development of minting. 
From the 1770s onwards, the steam engine was 
harnessed into the coin-making process: this allowed 
coins to be produced more quickly and improved 
their appearance. 


Modern coins are no longer made of copper, gold and 
silver. Most countries now use coins made of cupro- 
nickel. This important alloy (which is essentially white 
in colour) is typically made up of 25 per cent nickel 
and 75 per cent copper. Copper and nickel mix (alloy) 
easily in the molten state, and mixtures ranging from 2 
per cent to 45 per cent nickel are more resistant to 
oxidation than pure copper. Cupro-nickel coins were 
first adopted in Belgium in 1860 and in the USA five 
years later. By 1947, cupro-nickel had completely 
replaced silver in British coinage. In the USA today, 
the nickel (five cent coin) is made wholly of cupro- 
nickel, while the 10 cent and 25 cent pieces are made 
of cupro-nickel envelopes with a copper core. Pure 
nickel was first adopted by the Swiss for coinage in 
1881 and has now spread to many other countries. 


Modern mintage methods use precise processes for 
producing the metals from which coins are made. The 
ingots cast from these metals are pressed out by heavy 
rollers to form metal coils from which the blanks are 
punched. Coin rims are milled by forcing the blanks 
into patterned holes that are marginally too small for 
them. The latest high-speed presses can strike about 
40,000 coins per hour. 


Modern US coins. The dime (10 cents) is made of an 
outer layer of cupro-nickel around a copper core. The 
brown nickel (five cents) is made entirely of cupro-nickel. 
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Find out about cinnabar, 
lazulite and molybdenite, 
and discover how glass 
has been made since 
earliest times 


..and more! 


This beautiful, but fragile, mineral 
is usually found in basaltic lava in 
association with zeolite minerals. 
It is primarily of interest to collectors. 


pophyllite can be found as 
colourless, white, pink, green or 
yellow crystals. It is widespread and 


occurs in many parts of the world. Large 
crystals come from the extensive basaltic lava 
flows at Poona in India. 

Apophyllite occurs with a wide range of 
zeolite minerals and has a similar chemical 
composition. Its crystals are classified in the 
tetragonal crystal system and can be pseudo-cubic, 
tabular or octahedral in shape. 


Found in vesicles 
Apophyllite forms in vesicular basalt. Vesicles are 
cavities left behind when gas caught up in the molten 


rock bubbled away. Such cavities are ideal places for A Green apophyllite crystals with straw-coloured 
a wide range of minerals to form at any time after heulandite. This and the specimen below both come 
cooling of the basalt. Along with apophyllite, many from Poona, in India. 


<4 Crystals of apophyllite with stilbite. 


Apophyllite is a member of the silicate group of 


As well as occurring as fine prismatic, pyramidal 

. and tabular crystals, specimens of apophyllite may 
be massive (of no definite shape) or granular. The 
mineral is commonly transparent or translucent, but 
may be opaque. 

The colour of apophyllite varies, white being the 
most common colour. However, it can also be green, 
pink, yellow or colourless. Its hardness of between 
_ 44and 5 on the Mohs Scale is moderately high, and it 
has a density of 2.3 to 2.4. 
| Apophyllite crystals have a vitreous (glassy) lustre. 
If a specimen of apophyllite is placed in an open 
flame it produces a violet colour as a result of the 
potassium it contains. When the mineral is heated in 
a closed test tube its water of crystallisation is 
released. It is soluble in hydrochloric acid. 


minerals. It contains calcium, potassium and fluorine. 
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zeolite minerals occur in this situation, including 
stilbite, harmotome, heulandite, chabazite, analcite 
and natrolite. Calcite, quartz, prehnite and gyrolite can 
also be found here. 


Tests and treatment 
Apophyllite is a relatively hard mineral, scoring 4% to 5 
on the Mohs Scale of hardness. So it cannot be marked 
by a coin (3% on the Mohs Scale) but can be 
scratched by a knife blade (5%). It has an 
average density of 2.3 to 2.4 and so feels £f 
no heavier or lighter than would be ’ 
expected when a specimen is handled. 

One of this mineral’s most 
characteristic identification features 
is its fine crystal form. Apophyllite 
crystals are classified in the tetragonal 
system. In this system, all three 
crystallographic axes are at right angles 
to one another, and one of the axes is 
longer or shorter than the other two, 
which are equal in length. This 
means that the shapes in this system 
are often square in cross section, and 
either prismatic and elongated or 
stubby and short. Crystals may 
also be eight-sided, octahedral 
or dipyramidal. 

Because apophyllite is soluble 


in acids, specimens should only be 
cleaned with distilled water. 


4 v These crystals 
of apophyllite (with 
phillipsite) come 
from Poona, India. 


FACT FILE 
APOPHYLLITE 


Group: Silicates 

Crystal system: Tetragonal 

Chemical formula: KCa,Sig029(F,0H).8H,0 
Hardness: 44-5 

Density: 2.3-2.4 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Colourless, white, pink, green, yellow 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 
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ORIGINS and DISTRIBUTION ¢ v 


Apophyllite is a common mineral that occupies 
cavities in basaltic rocks. It is found there with the 
minerals analcime, calcite, gyrolite, prehnite, quartz, 
scolecite and stilbite. Some of the best specimens of 
apophyllite, with large crystals and splendid colours, 
come from Poona in India. It is also found in the 
copper mines located on the shores of Lake Superior, 
,,, Michigan, USA, and in Brazil, Canada, 
a the Czech Republic, 
Finland, Germany, 
Iceland and Sweden. 
In the British Isles, 
apophyllite occurs 
on the Isle 
of Skye in 
Scotland, 
and around 
Collinward in 
Northern 
Ireland. 


A Apophyllite with green prehnite crystals (Leesburg, 
Virginia, USA). 


Mainly valued for its 

beauty, brochantite is 
a minor industrial 
source of copper. 


some specimens may be greenish black. It was 

identified in 1824 and named in honour of 
Professor André Jean-Frangois Marie Brochant de 
Villiers, a 19th-century French geologist. 

Brochantite is one of a number of naturally 

occurring forms of copper sulphate. The presence of 
copper in its chemical structure gives brochantite its 
green colour. This may be any one of various shades 
of green ranging from emerald to almost black. 


f : rochantite is usually emerald green, although 


Monoclinic crystals 
Brochantite forms crystals which are classified in the 
monoclinic system of symmetry. Usually the crystals 
are prismatic or tabular, but thin needle-shaped 
(acicular) crystals are not uncommon. 

Because of its copper content, brochantite has 
a moderately high density at 3.97—4.1, so when a 
specimen is handled, it feels heavier than average. Its 
hardness of 34 to 4 on the Mohs Scale means that it 
can be marked by a knife blade (54 on the Mohs 
Scale) but not by a coin (37). 


A Needle-like (acicular) crystals of brochantite from the 
Atacama Desert (Chile). The vivid green colour of this 
mineral is caused by its copper content. 


minerals. Each molecule is made up of four atoms of 
copper, one atom of sulphur and four atoms of oxygen, 


. together with six molecules of the hydroxyl radical 


(chemical formula OH). 

Crystals of brochantite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. They often have 
prismatic, needle-like (acicular) or tabular shapes, 
and may grow together - a phenomenon known as 
twinning. When subjected to pressure, brochantite will 
split cleanly along its weakest structural planes: in 
scientific terms, it is said to display perfect cleavage. 
Brochantite may be either transparent or translucent, 
and specimens have a glassy sheen (vitreous lustre). 
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A Radiating acicular crystals of brochantite from 
mines at Chuquicamata (Chile). 


Brochantite is a secondary mineral which forms 
through the alteration of copper minerals. This 
occurs mainly in the oxidation zone of mineral 
deposits, often in arid climates. When air and water 
reach the upper level of veins containing copper 
minerals, they are altered and in some circumstances 
brochantite forms. 

Brochantite is found in the following locations: 
Ain-Barbar (Algeria), the Atacama Desert (Chile), 


| Nassau (Germany), Krisuvik (Iceland), the islands of 
| Elba and Sardinia (Italy), Tsumeb (Namibia), Rio Tinto 


A Dark green and blackish crystals of brochantite. 


Tests and treatment 

Brochantite dissolves (is soluble) in hydrochloric 

and nitric acids. Specimens should be cleaned with 
distilled water: ordinary tap water should not be used 
because it contains impurities which may damage the 
delicate crystal surfaces. 


(Spain), Arizona and New Mexico (USA). In the British 
Isles, brochantite occurs in Cornwall. 


FACT FILE 
BROCHANTITE 


Group: Sulphates 

Crystal system: Monoclinic 
Chemical formula: Cu,SO,(0H); 
Hardness: 3/—4 

Density: 3.97—-4.1 

Cleavage: Perfect 

Fracture: Conchoidal to uneven 
Colour: Emerald green to greenish black 
Streak: Pale green 

Lustre: Vitreous 

Fluorescence: None 
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brucit 


Brucite is widespread. 

Because it is impossible 

to melt, it is sometimes 

used to make the linings 
of industrial furnaces and kilns. 


rucite is white, blue, green, grey, brown 
or yellowish in colour. It was originally 
confirmed as a distinct mineral in 1824 


and named in honour of Archibald Bruce 


(1777-1818), a distinguished US mineralogist. 


Marble veining 

Brucite mainly occurs in metamorphosed limestones, 
and it is probably best known for its green and blue 
colours which give many of the world’s decorative 
marbles their attractive coloured veining. It can 

also be grey, white, brown and yellowish. 

When limestone is in contact with magma or 
lava, heat from the igneous rock affects the chemical 
composition of the limestone and new minerals such 
as brucite form in the marble thus created. Brucite 
is magnesium hydroxide, and limestones which 
originally contained magnesium tend to be those 
which, when metamorphosed by heat, give rise to 
the development of this mineral. Such limestone is 
called dolomite. 

Brucite is a very soft mineral, registering only 2% 
on the Mohs Scale of hardness. It can therefore be 


> A Blue-green brucite in grey-white marble. This 
specimen is from the Astico Valley, near Vicenza (Italy). 


BRUCITE 


Group: Hydroxides 

Crystal system: Trigonal 
Chemical formula: Mg(OH), 
Hardness: 24 

Density: 2.38-2.40 
Cleavage: Perfect 


Fracture: Uneven 


Colour: White, blue, green, grey, brown, yellowish 
Streak: White 

Lustre: Waxy to vitreous 

Fluorescence: None 
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CHARACTERISTICS 


Brucite is a member of the hydroxide group of 
minerals. Each molecule is composed of one atom of 
magnesium combined with the non-metals oxygen 
and hydrogen: these are in the form of the hydroxyl 
radical (chemical formula OH), two of which are 
attached to each atom of magnesium. 

Crystals of brucite conform to the trigonal system 
of symmetry. They often occur as tabular (table-top 
shaped) crystals or in foliated masses. Nemalite - a 
variety of brucite which contains very small quantities 
of iron - is typically fibrous in appearance. 

If a crystalline specimen of brucite is subjected 
to pressure, it will break cleanly along its weakest 
structural planes: in scientific terms, it is said to 
display perfect cleavage. 

The sheen (lustre) of brucite is variable: along the 
lines of cleavage it is pearly, but elsewhere it is silky, 
glassy (vitreous) or waxy. 

Although brucite is a very soft mineral - it scores 
only 240n the Mohs Scale of hardness and can be 
scratched with a coin - it is considerably harder than 
talc, a mineral it sometimes resembles. 


easily marked by a coin (34 on the Mohs Scale). 
It has an average density of 2.4 and specimens do 
not feel unduly heavy. 


Trigonal crystals 
Brucite forms crystals which are classified in the 
trigonal system. These crystals are often tabular but 


the mineral can also be massive (with no definite 
shape), foliated or fibrous. The form of brucite with a 
fibrous habit is sometimes called nemalite and this 
variety occurs as thin, almost straw-like specimens 
with a silky lustre. 

Brucite is enormously resistant to heat, and has 
therefore been used on occasion in the linings of 
industrial furnaces, kilns and ovens. 


Tests and treatment 

Brucite will not melt (is infusible) in an open 
flame. It will dissolve in hydrochloric acid with 
no effervescence. 


4 Pale blue brucite (Trentino, Italy). 
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3 Brucite is found mainly in rocks that have been 
altered by heat (contact metamorphic rocks). It 
particularly occurs in metamorphosed dolomitic 
limestones and may also form in metamorphic schists 
and serpentinites. 

Brucite is commonly found in association 
with calcite (calcium carbonate) and with other 
magnesium-bearing minerals such as dolomite 
(calcium and magnesium carbonate), magnesite 
(magnesium carbonate) and talc (magnesium silicate). 

Brucite is found in the following locations: 
Asbestos, Quebec (Canada); Aosta, Cagliari, Genoa, 
La Spezia, Mount Vesuvius, Trentino and Vicenza 
(Italy); Bajenov in the Ural Mountains (Russia); - 
Filipstad and Nordmark (Sweden); Turkey; and 
California, New York and Pennsylvania (USA). In the 

- British Isles, brucite occurs in the Assynt district of 
Sutherland, the Isle of Skye and Shetland (Scotland) 
and in Cornwall (England). be 


4 Brucite from Monte 
Ramazzo, near Genoa 
(Italy). Specimens like 
this may closely 
resemble talc, but 
brucite is harder. 


Enstatite is a common 


pyroxene mineral. Pyroxenes 

are important rock-forming 
me silicates in basic and 
ultrabasic igneous rocks. 


nstatite is commonly olive green, but specimens 

may also be brown, grey, greenish, yellowish or 

colourless. Its name comes from the Greek 
enstates meaning ‘adversary’: this is a reference to its 
high resistance to heat. 

Enstatite may be categorised in many ways. It is a 
pyroxene, one of a group of silicate minerals that are 
found mainly in igneous and metamorphic rocks. 
Perhaps the most striking characteristic of all 
pyroxenes is that they form in long molecular chains: 
they are thus defined as inosilicates. In addition, 
enstatite has crystals in the orthorhombic system and 
so may be further classified as an orthopyroxene. 


ENSTATITE 


Group: Silicates 


Crystal system: Orthorhombic 


Chemical formula: Mg,Si,0, 


Hardness: 5-6 


Density: 3.2-3.4 


Cleavage: Good 

Fracture: Uneven 

Colour: Olive green, brown, 
greenish, grey, 

yellowish, colourless 


Streak: Grey 
Lustre: Vitreous to pearly 


Fluorescence: None 


Solid solution series 


A Prismatic crystals 
of enstatite from 
Bamble (Norway). 


4 Needle-like 
(acicular) crystals of 
enstatite from the 
slopes of Mount Etna 
in Sicily (Italy). 


Enstatite is a silicate of magnesium. However, 
atomic substitution is widespread and the mineral 
forms one end member of the enstatite-ferrosilite 
solid solution series. The gradual progression from 
one mineral to the next is marked by increasing 
quantities of iron. Ferrosilite, the other end member, 
is a less stable and very rare silicate mineral in which 
all the magnesium has been replaced by iron 


(chemical symbol Fe). 
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CHARACTERISTICS 


Enstatite is a member of the silicate group of 
minerals. Each molecule is made up of two atoms 
of magnesium, two atoms of silicon and six atoms 
of oxygen. 

Crystals of enstatite conform to the 
orthorhombic system of symmetry in which the three 
crystallographic axes are unequal in length but are all 
at right angles to each other. Although they may have 
prismatic or needle-like (acicular) shapes, clearly 
defined crystals are rare: most specimens occur as 
layered sheets (lamellae) or fibres, or with no 
particular shape (massive habit). 

Enstatite can be a variety of colours. Usually it is 
olive green but it may also be brown, grey, greenish, 
yellowish or colourless. It is relatively hard, scoring 5 


A Needle-like (acicular) crystals of brown 
enstatite from the Bellerberg volcano in the 
Eifel region of Germany. 


to 6 on the Mohs Scale of hardness, and has a density 
of 3.2 to 3.4, which is slightly above the average of 
rocks and minerals in the Earth's crust. 


Tests and treatment 

It is virtually impossible to melt enstatite in an open 
flame: in scientific terms, it is said to be almost infusible. 
This mineral will not dissolve in any liquid (is insoluble) 
and may therefore be cleaned with dilute acids. 


v Needle-like (acicular) crystals of enstatite from the 
slopes of Mount Etna in Sicily (Italy). Note the colour 
variations from dark green to light brown. 


Enstatite occurs in basic and ultrabasic igneous rocks 
that have formed from the consolidation of magma 
in the Earth's crust. It is therefore found in rocks 
such as gabbro, dolerite and peridotite and 

certain metamorphic rocks. It has also been 

found in meteorites. 

Enstatite is distributed world-wide, including 
locations in Labrador (Canada); Eifel (Germany); 
Myanmar; Norway; South Africa; Sri Lanka; and 
Arizona, California, Colorado and Montana (USA). 


DISCOVERY 


Phosphates 


There are more than 250 phosphate minerals - naturally occurring 
compounds of a metal or metals with phosphorus and oxygen in the form 
of a radical (chemical formula PO). The following selection includes 
some of the better known phosphates. 


the nuclear power and arms industries. Important 
deposits are found in Australia, the Democratic 
Republic of the Congo, Germany and the USA. In 
England, the mineral has been found near Redruth 
and St Austell (Cornwall). 


Lithiophilite 

Lithiophilite is a brown or yellow phosphate of the 
metallic elements lithium, manganese and iron. It is 
found in Argentina, Australia, Canada, Portugal, 


A A specimen of apatite, a phosphate of calcium. 


Apatite 

Apatite is a phosphate of calcium and can be found in 
a great variety of colours, ranging from its usual green 
to blue, red, brown, grey, purple and colourless. It is 
perhaps the best known member of the phosphate 
group and is an industrial source of phosphates. It 
occurs in irregular masses (massive habit) as well as 

in a granular form. Crystals of apatite are classified 

in the trigonal system and they usually occur as 
prismatic or tabular crystals. Apatite occurs in many 
parts of the world including Canada, Germany, 
Madagascar, Mexico, Norway, Portugal, Russia, Spain, 


Sweden and Dakota (USA). 


Autunite 
This yellow or green phosphate is a major industrial 
ore of uranium, a radioactive metal which is vital to 


A Lithiophilite from 
Portugal. 


4 This specimen of 
autunite was found in 
Cornwall (England). 
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South Africa and the 
states of Arizona, California, 
Connecticut and South Dakota 


in the USA. 


Monazite 

Monazite is a major source of 
the rare earth metals cerium, 
neodymium, thorium and 
lanthanum. The main sources 
of monazite are found in 
Brazil, Finland, India, Italy, 
Madagascar, Norway, Sri 
Lanka, Switzerland and North 
Carolina (USA). 


Pseudomalachite 
This mineral is a phosphate 
of copper with an attached 
molecule of water of crystallisation. It is dark green 
and is named after its close resemblance to malachite 
(copper carbonate). It is found in association with 
malachite and quartz in Australia, Chile, England, 
France, Germany, Romania, Russia and the USA. 


Purpurite 

As its name suggests, this phosphate of manganese and 
iron is typically purple in colour. It is a secondary 
mineral which forms through the alteration of 
lithiophilite. It is found in Afghanistan, Australia, 
France, Portugal and the USA. 


Strengite 
This hydrated phosphate of iron has two attached 
molecules of water of crystallisation and is typically 


A Purpurite from Wodgina (Australia). 


4 Pseudomalachite from Sesa 
(Dem. Rep. Congo). 


pale or deep violet-red. It occurs 
in Australia, Belgium, Brazil, 
Germany, Portugal, Sweden and 


the USA. 


Vivianite 

Vivianite is a hydrated phosphate 
of iron which forms when existing 
phosphates and manganese 
minerals are altered by oxidation. 
It is a colourless mineral when 
fresh, but it can become green, 
purple, blue or black when 
exposed to air. Vivianite forms 
crystals which are classified in the 
monoclinic system of symmetry. 
These are commonly long prismatic crystals but can 
also be tabular. Vivianite is a very soft mineral scoring 
only 1% to 2 on the Mohs Scale of hardness. It is 
transparent to translucent, with a vitreous or pearly 
lustre. It is found in Australia, Brazil, Canada, 
Cornwall (England), France, Germany, Japan, Mexico, 
Romania, Russia, Scotland and the USA. 


A A specimen of vivianite, a hydrated phosphate of iron. 


Xenotime 

Xenotime is a phosphate of the rare earth metal 
yttrium. Usually it is a brown coloured mineral but 
it can also be grey, yellow, green or red. It forms in 
igneous rocks, especially pegmatites and granites, 
but only in very small amounts. It can also form in 
metamorphic rocks. Xenotime occurs as prismatic 
and pyramid-shaped crystals which are classified in 
the tetragonal system of symmetry. It is found in 
Germany, India, Japan, New Zealand, Poland, South 
Africa, Switzerland and the USA. 
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i Geysers 


A geyser is a hot spring that intermittently point may thus rise to temperatures of more than 


discharges jets of steam and water from 150°C.) A geyser must also have a thin pipe leading to 
the surface through which hot water and steam may be 


beneath the surface of the Earth into the ejected, and underground channels through which the 
air. The name comes from the Icelandic water supply may be replenished after an eruption. 


word geysir, meaning gusher ` The Great Fountain Geyser in Yellowstone National 


Park, Wyoming (USA). 
eysers are produced when ground water is 
heated by contact with hot rocks. In geological Morning Glory hot spring in winter (Yellowstone, USA). 
terms, geysers are very short-lived — they are 
generally active for no more than a few hundred years 
— and are consequently found only in areas of relatively 
recent volcanic activity. 


Some of the most famous and spectacular geysers are 
found in Yellowstone National Park in Wyoming 
(USA). This area occupies the site of a huge collapsed 
volcano which last erupted about 600,000 years ago. 
Yellowstone now contains about 200 active geysers, the 
most famous of which is Old Faithful. The geysers of 
Iceland, New Zealand and Kamchatka (Russia) are all 


located near active volcanoes. 


e In addition to a source of heat, a geyser must have a 
reservoir in which water can be stored until it boils. 
(In normal conditions on the surface of the Earth, 
the boiling point of water is 100*C; underground, 
however, there is increased pressure and the boiling 


Geysers 


A geyser erupts when some of its 
hot water expands into steam, 
causing its volume to increase 
nearly a thousand times over. 
The weight of the water closest 
to the surface exerts pressure on 
the lower water, causing it to 
reach much higher temperatures 
than the upper water. As the 
deep-lying water becomes 
hotter and expands, a blob 
of superheated water forms, 
suddenly rises to the surface, and 
then explodes. Immediately after 
an eruption, water flows back 
into the underground reservoir, 
heating begins again and the 
process repeats itself. 

Geysers erupt spectacularly. 


The largest ones blow out a roaring column of boiling 
water and steam as high as 80m. Generally, however, 
they spout only to about 20m in height. 

Geysers spurt violently for a short while and then 
remain quiescent for hours or days. Several geysers 
erupt fairly regularly — Old Faithful, for example, 
erupts to a height of about 50m for two to five 
minutes, at intervals of 30 to 90 minutes. 


Strokkur geyser at Geysir (Iceland) just as it starts to erupt. This regularly 
active hot spring is close to the site of the Great Geysir. 


Iceland has more than 30 geysers. The most notable 

of these, the Great Geysir, used to throw a tremendous 

jet of hot water and steam to a height of 70m about 

every six hours. Then, after being dormant for over 

60 years, it started to erupt again in 2000, but not so 
spectacularly. Twenty large geysers and perhaps 100 

smaller ones occur in Kamchatka, Russia. New Zealand 

is famous for the world's record geyser, Waimangu, @ 
which, between 1902 and 1905, gushed to a height of 

450m every five to 30 hours. 

Some geysers erupt regularly, others sporadically; 
new geysers come into being while others become 
dormant. As with volcanoes, it is usually impossible to 
say for certain that a geyser is extinct. 

Steamboat Geyser (in Yellowstone National 
Park), now the largest active geyser in the world, 
unexpectedly erupted in March 1978 after nine years 
of inactivity: water was thrown to heights of 150m for 
nearly 15 minutes. Grand Geyser, perhaps the most 
magnificent hot water spring in Yellowstone, now 
erupts about three times a day, although it too has had 
its dormant periods. It erupts with a series of six or 
eight explosive bursts at intervals of several minutes, 
throwing fans of water and steam to heights of 70m. 


Geyser water is usually heavily laden with dissolved 
silica which precipitates out into a range of minerals 
when the discharged water cools. Silica also produces 
the characteristic cones and terraces of a white, porous 
encrustation known as geyserite or siliceous sinter: 
this forms the nozzles and pools commonly found 

in geyser basins. 


An eruption of Old Faithful, one of the world's most 
famous geysers, in Yellowstone National Park, Wyoming 
(USA). The water ejected from this hot spring reaches a 
height of 50m. 
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The island nation of 

Indonesia is rich in 

natural resources. 

It is the largest 

country in the 
Malay peninsula (1,919,400 sq. km) and 
the fifth most populous country in the 
world with 179 million inhabitants. 


stretching from the northern tip of the Malay 

peninsula to the northern tip of Australia. The 
country is bordered in the north by the South China 
Sea, the Celebes Sea and the Pacific Ocean, and in the 
south by the Indian Ocean. 

Indonesia stretches for approximately 5150km in 
the region of the Equator from the Malaysian mainland 
to New Guinea. The main islands are Sumatra, Java, 
Indonesian Borneo (Kalimantan), Sulawesi (Celebes), 
Bali, Timor, the Moluccas (Maluku) and West New 
Guinea (Irian Jaya). These islands are mostly 
mountainous and volcanic in origin and contain 
some of the richest natural resources in the world. 


Í ndonesia comprises more than 13,000 islands 


The land : 
The islands of the Indonesian archipelago vary greatly 
in size and topography. The largest, Sumatra, occupies 


approximately 473,606 sq. km, while the smallest 
islands range from as large as 5000 sq. km to the 
tiniest coral atolls. 

A chain of volcanic mountains, rising to more than 
3500m, extends through the southern islands from 
Sumatra to Timor. Puncak Jaya in the province of 
Irian Jaya rises to 5030m and is the highest point in 
the Republic of Indonesia. By contrast, the principal 
lowland areas are to be found on the islands of 
Sumatra, Java and Borneo. 

Although Indonesia is rich in natural resources, it 
is only in recent years that its hidden wealth has begun 
to be exploited systematically. 


Petroleum 
Petroleum is the country's most valuable export, 
followed by natural gas, tin, bauxite and nickel. 
Petroleum is without doubt Indonesias most 
important natural resource and by the late 1980s the 
country was producing about 2 per cent of the world's 
total oil production in the form of 500 million barrels 
annually. However, in the early 1990s, output was 
controlled by OPEC (Organisation of the Petroleum 
Exporting Countries), and production since 2000 has 
been declining. 


Natural gas 

Natural gas and coal are also important resources. In 
2006, Indonesia had an annual production output of 
74 billion cubic metres of natural gas, and the most 
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» Indonesia has some 
of the world's richest 
deposits of sulphur. 
This is one of many 
productive quarries on 
the island of Java. 


plentiful sources have 
been found on the islands 
of Borneo (Kalimantan) 
and Sumatra. 


Coal mining 

Indonesia possesses large 

reserves of coal, especially 

in southern Sumatra, and 

annual production in the 

late 2000s averaged about 200 million tonnes. The 
development of these coal resources has, however, 
been slow because of poor local transport. 

Indonesian coal varies widely from lignite to 
anthracite. Several different kinds are often to be 
found within a single coalfield, as in the Bukit Asem 
field of south Sumatra. 

Indonesia’s main coalfields are located in the 
Umbilin Valley in the Padang Highlands in Sumatra, 
and at Bukit Asem near the town of Muaraenim in 
southern Sumatra. The Bukit Asem field contains the 
best quality coal and is the only field where shaft 
mining is used: elsewhere in Indonesia, opencast 
mining is more common. 


Tin mining 

Several minerals are produced mainly for export. These 
include copper and the diamonds which are found on 
the island of Borneo. Tin, bauxite, sulphur and nickel 
are also important exports. Tin is Indonesias second 
most important natural resource after petroleum and is 
mined mostly on the island of Bangka and on other 
islands off Sumatra such as Belitung and Singkepi. In 
2008, annual production by the state-run industry 
was just under 80,000 tonnes. Less than a third of 
Indonesia's tin is produced from gravel-pump mines: 


< A petrochemical 
refinery in Indonesia. 
Petroleum is the country's 
most important natural 
resource: in the late 1980s, 
it was producing about 2 
per cent of the world's 
total output. 


many of the larger mines use suction dredges. In 
Bangka, ‘sea tin’ is obtained from bucket dredges 
operating offshore. 


Bauxite 

The production of bauxite (an important ore of 
aluminium) reached a peak in the late 1970s, when 
1.3 million tonnes were produced annually. It comes 
mainly from the island of Bintan, which is in the Riau 
group of islands near Singapore. In 2000, Indonesia 
was still producing about one million tonnes annually. 


Iron ore 

Iron ore reserves amount to approximately 500 million 
tonnes and include large deposits at Larona in 
southeast Sulawesi. However, these ores also contain 
chromium and nickel and so are unsuitable for 
treatment in conventional blast furnaces. 


Nickel 

The most significant mineral development in recent 
years has been the mining of nickel ore in eastern 
Indonesia. This has taken place primarily on the island 
of Sulawesi and on Gag Island near Irian Jaya, and 
annual production in 2000 reached 3.04 million 
tonnes of nickel ore. 
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Prehnite is a silicate mineral 
$ i that is found in many parts of 
the world. 


tee 


rehnite can be green, white, colourless, grey 
or yellow. It was named in 1788 in honour 
of Colonel H. von Prehn, who brought 
specimens of the mineral to Europe after it 
was discovered at the Cape of Good Hope 
in South Africa. 
Prehnite may be either transparent 
or translucent with a vitreous or 
pearly lustre. The green variety, 
when first found, was thought to 
be a form of prase, a type of quartz. 
Prehnite is sometimes used ornamentally 


to imitate jade. 


Forms in hollows 

Prehnite is a silicate of calcium and aluminium with 
attached hydroxyl radicals. It forms in hollows in a 
variety of rocks, especially cooled basalt lava, 


PREHNITE 


Group: Silicates 

Crystal system: Orthorhombic 

Chemical formula: Ca,Al,Si,0,,(0H), 
Hardness: 6-6% 

Density: 2.9-2.95 

Cleavage: Distinct 

Fracture: Uneven 

Colour: Green, grey, white, colourless, yellow 
Streak: Colourless 

Lustre: Vitreous 


Fluorescence: None 


A White crystals of prehnite from 
Strathclyde (Scotland). 


4 Beautiful white crystals of prehnite 
in association with prismatic yellow 
crystals of epidote (a silicate of 
calcium, aluminium and iron). 
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pegmatite, gneiss and marble, and in hydrothermal 
veins (fractures running through the Earth's crust in 
which minerals are formed from hot water-rich 
fluids). In these situations it may be associated with 
minerals such as calcite, pectolite and zeolites. 

A relatively hard mineral, scoring 6 to 6% on the 
Mohs Scale of hardness, prehnite can be marked by 
quartz, but not by a knife blade. Its density is only 
slightly higher than average, being about 2.95 times 
greater than an equivalent volume of water at 
ordinary temperatures and pressures. 


Variety of shapes 

The shape of specimens of prehnite can vary 
considerably. It crystallises as tabular (flat table-top 
shapes), prismatic (columnar) or steeply pyramidal 
crystals, and is often found in barrel-shaped 
aggregates of small crystals. Prehnite also commonly 
occurs in a variety of other habits. These habits range 
from stalactitic, reniform (kidney-shaped) and 
botryoidal to granular, columnar and lamellar. 


Similar-looking minerals 

Prehnite has been confused with a number of other 
minerals which have a broadly similar appearance 
and colour. These include gyrolite, smithsonite and 
hemimorphite. However, prehnite is harder than 
these three minerals and this property helps to 
distinguish it from them. 


Tests 

Prehnite is a brittle mineral and when broken has an 
uneven fracture. Its cleavage is distinct but it does 
not produce perfect cleavage planes. It dissolves 
slowly in hydrochloric acid. 


CHARACTERISTICS 


Prehnite is a silicate mineral. It contains calcium, 
aluminium, oxygen and silicon. Each molecule of 
prehnite also has two hydroxyl radicals (OH) attached. 
Prehnite crystals are classified in the 
orthorhombic system of symmetry, in which the three 
crystallographic axes are unequal in length, but are all 
at right angles to each other. Crystals form as small 
tabular, prismatic or pyramidal shapes. Prehnite can 
also be stalactitic, reniform, botryoidal and lamellar. 
Prehnite can come in a variety of colours. 
Commonly it is green, white, colourless, grey or 
yellow. The streak produced when it is rubbed on an 
unglazed procelain tile is colourless. The mineral has 
a vitreous or pearly lustre and breaks with a distinct 
cleavage or uneven fracture. 
Prehnite has a hardness of 6 to 6% and so 
cannot be marked by a steel knife blade. It has a 
density of 2.9-2.95. 


Prehnite occurs in many geological situations, 

| especially in cavities in basalt lavas. These cavities 

| are left in the rock after cooling, and represent the 

| places where gas bubbles existed when the rock was 

| molten lava. 

| Prehnite is found in granite and gneiss, and in 

| hydrothermal mineral veins, which are formed when 

| high temperature fluids, based mainly on water, seep 

| from depth into fault lines in the Earth's crust. 

| Prehnite can also occur in marble formed as 

| a result of the metamorphism, by heat and/or 

| pressure, of limestone. 

Prehnite is found in 

many parts of the world 
including Australia, 
Canada, China, the 
Czech Republic, France, 
Germany, New Zealand, 
Pakistan, Russia, 
Scotland and South 
Africa. It is also found in 
California, Colorado, 
Connecticut, Michigan 
and Virginia in the USA. 


4 Crystals of white 
prehnite. These are 
classified in the 
orthorhombic system 
of crystal symmetry. 


MINERALS 


Cinnab 


Cinnabar is the world's 

A most important industrial 
` aue 
“me. source of the valuable 


metallic element mercury. 


innabar is typically either scarlet or brownish 
red in colour. It has been mined in Spain for 
more than 2500 years. The mineral was first 


described by the Greek philosopher Theophrastus 


(about 372—287 BC) in his treatise Oz Stones (315 BC). 


Cinnabar was the original source of vermilion, the 
distinctive red pigment formerly used by painters. 
Cinnabar is a beautiful mineral but it is too soft 
(scoring only 2— 2% on the Mohs Scale) and too 
sensitive to heat to be fashioned into jewellery. 


A Dark brown twinned crystals of cinnabar with calcite 
(calcium carbonate). 


A A massive specimen of red cinnabar. Material of this 
colour was once powdered to make the artist's pigment 
vermilion. Today, however, vermilion is mostly obtained 
from synthetic products. 


CHARACTERISTICS 


Cinnabar is a member of the sulphide group of 
minerals, each molecule being made up of one atom 
of mercury and one atom of sulphur. 

Crystals of cinnabar conform to the trigonal 
system of symmetry. Specimens often occur as 
needle-like (acicular) shapes or as short prisms. 
Many crystals grow together in the phenomenon 
known as twinning. 

Transparent crystals of cinnabar have a diamond- 
like sheen (adamantine lustre), but the lustre may be 
submetallic in opaque specimens. 

Cinnabar is a very heavy mineral, weighing 
approximately eight times more than the equivalent 
volume of water at room temperature. 


Industrial mineral. 


Industrial uses 

The main significance of cinnabar is that it 

is the only common ore of mercury. Mercury is 
extracted from cinnabar by roasting: the oxygen in 
the air combines with the sulphur in the mineral to 


give off sulphur dioxide gas and leave the isolated 
metal behind. 


Mercury thermometers 

Mercury is the only metal that is liquid at room 
temperature: it freezes at —38.9?C and boils at 357°C. 
Mercury that is kept in normal atmospheric conditions 
between about —20°C and 40°C will expand and 
contract visibly. This unique property enabled mercury 
to be used formerly in calibrated tubes which measure 
temperature (thermometers). It is also sometimes used 
to make the filaments in ultraviolet lamps. 


Amalgams 

Any combination of mercury with another metal 

or metals is called an amalgam. Most amalgams are 
formed from a combination of mercury and silver, 
but other metals may also be used: the two main 
exceptions are iron and platinum. Amalgams are used 
to purify gold and to fill decayed cavities in the teeth. 
However, there is controversy about their use in 
dentistry because pure mercury is a deadly poison, so 
this use is now largely discontinued. 


<a Two specimens 
of cinnabar found at 
Almadén (Spain), the 
oldest known source 
of the mineral. 


CINNABAR 


Group: Sulphides 


Crystal system: Trigonal 


Chemical formula: HgS 
Hardness: 2-2% 
Density: 8.0-8.2 
Cleavage: Perfect 


Fracture: Conchoidal to uneven 


Colour: Red or reddish brown 
Streak: Red 
Lustre: Adamantine or submetallic 


Fluorescence: None 


Tests and treatment 

Cinnabar is most easily recognised by its distinctive 
red colour. It does not alter on exposure to the 
atmosphere but may tarnish when exposed to strong 
light. Surface impurities may be removed with cold 
concentrated citric acid. 


ORIGINS and DISTRIBUTION &%& 


— Cinnabar forms through the action of low- 
temperature liquids (hydrothermal fluids) on fractures 
in areas of volcanic activity and around hot springs. 
The minerals with which it is principally associated are 
barite, calcite, chalcedony, marcasite, native mercury, 
opal, pyrite, quartz, stibnite and realgar. 

The world's most industrially important deposits 
of cinnabar are found in the following locations: 
China; Moschellandsberg (Germany); Monte Amiata, 
Tuscany (Italy); Huancavelica (Peru); Mount Avala, near 
Belgrade (Serbia); Idria (Slovenia); Almadén, near 
Ciudad Real (Spain); and Arkansas and California (USA). 


Lazulite 


Lazulite is a rare mineral 
that is occasionally cut and 
polished for ornamental use. 


he colour of lazulite ranges from pale blue to 

deep azure blue. Its name is derived from an 

Arabic word meaning 'sky blue'. Lazulite was 
first identified as a distinct mineral in 1795 by 
Martin Heinrich Klaproth (1743-1817), a 
distinguished German scientist who is mainly 
remembered as the discoverer of the chemical 
elements uranium, zirconium and cerium. 


Solid solution series 

Lazulite is a member of a group of minerals 
containing variable amounts of both magnesium and 
iron: the greater the concentration of magnesium, the 
darker and more intense the crystals’ blue coloration 
will be. Specimens containing more iron than 
magnesium are classified as scorzalite, a mineral that 
was officially recognised by mineralogists in 1947, 
while specimens containing more magnesium than 
iron are classified as lazulite. 


A Blue crystals of lazulite in 
association with quartz from 
Rapid Creek, Yukon (Canada). 


FACT FILE 


LAZULITE 


Group: Phosphates 


Crystal system: Monoclinic 


Chemical formula: (Mg,Fe)AL(PO;);(OH); 


Hardness: 5/—6 


Density: 3.1 


Cleavage: Indistinct 


Fracture: Uneven 


Colour: Blue 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


jeJeuiu oJesl 


A Opaque, pyramidal crystals of lazulite from Lincoln 
County, Georgia (USA), one of the world's prime sources 
of the mineral. 


Thus, lazulite and scorzalite are end members of a 
solid solution series in which one of the metals 
magnesium and iron is gradually replaced by the other. 


Ornamental use 

Lazulite is a moderately hard mineral, but its uses in 
jewellery and ornamentation are generally limited to 
beads or smooth, domed cabochons. 


Tests 

Crystals of lazulite are fairly easy to recognise, but 
massive specimens may be difficult to distinguish from 
other blue minerals. Lazulite gives off water when 
heated in a closed test tube. It is infusible and almost 
insoluble in acids. 


ulite is mainly found in rocks that originally 
formed through igneous activity deep beneath the 
surface of the Earth (igneous rocks), particularly 
granite pegmatites. It also forms in quartz veins and 
in some deposits that have been altered by heat 
and/or pressure (metamorphic rocks), where it is 
associated with andalusite, corundum, garnet, 
cyanite, rutile and sillimanite. 

Lazulite is found in the following locations: Werfen 
(Austria); Minas Gerais (Brazil); Hórrsjoberg and 
Vástara (Sweden); and California and Georgia (USA). 


Lazulite is a member of the phosphate group of 
minerals. Each molecule contains magnesium, iron, 
aluminium, phosphorus, oxygen and the hydroxyl 
radical (chemical formula OH). When heated, the 
last named component is expelled in the form of 
water (H,0). 

Crystals of lazulite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. They often occur as 
sharp bipyramids, massive specimens (of no 
particular shape) or tiny grains. 

Lazulite has a density of 3.1: this means that it 
weighs almost exactly three times more than the 
equivalent volume of water at room temperature. 

Although lazulite is a blue mineral, when it is 
powdered by rubbing a specimen across a white 
unglazed porcelain tile the powder produced is 
white, and so it is said to have a white streak. 


v These beautiful crystals of lazulite were found 
in Yukon (Canada). 
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Molybdenite 


Molybdenite is an > Sheet-like (lamellar) 
important industrial SEVERE OF they RCEInTE 


- from Wolfram 
source of the metallic annia 


element molybdenum. Queensland 


(Australia). 

olybdenite is lead grey in colour. It was 

M identified as a distinct mineral in 1778 
by Carl Wilhelm Scheele (1742—1786), 

the distinguished Swedish chemist. 

As the name suggests, molybdenite contains 

molybdenum, and the mineral is a sulphide of this 

metal. Another form of molybdenite, called 

molybdenite-3R, contains small amounts of 

rhenium — a rare metal. 


Easily identifiable 
Molybdenite has a number of 
characteristics that enable it to 
be easily identified. When 
handled, specimens leave a 
greenish grey stain on the 
hands. This is the streak of 
the mineral. 

As molybdenite is very 
soft (scoring only 1 to 1% 
on the Mohs Scale) and 
often formed of numerous 
thin plates with perfect 
cleavage between them, it 
readily breaks into small 
grey fragments. 


CHARACTERISTICS 


MOLYBDENITE Molybdenite is a member of the sulphide group of minerals, each molecule 
Group: Sulphides comprising one atom of molybdenum and two atoms of sulphur. 

Crystal system: Hexagonal Most crystals of molybdenite conform to the hexagonal system of 
(sometimes trigonal) symmetry, but there is also a trigonal variety. The crystals often appear as 
Chemical formula: MoS; six-sided forms with pyramids at top and bottom, but may also form in tiny 
Hardness: 1-17 grains, massive aggregates (no specific shape) or leaf-like (foliated) masses. 
Density: 4.6—5.1 If a specimen of molybdenite is rubbed along a piece of white, 

Cleavage: Perfect unglazed porcelain, it will produce a greenish grey streak: this is the colour 
Fracture: Uneven that all specimens would be if they were reduced to powder. By contrast, 
Colour: Lead grey if this mineral is rubbed along a sheet of white paper, the mark appears 
Streak: Greenish grey bluish grey. 

Lustre: Metallic Molybdenite is very soft, scoring only 1-17 on the Mohs Scale of hardness, 
Fluorescence: None and may be scratched with a fingernail. 


Molybdenite is the 
principal industrial source of 
molybdenum, a metal that is 
used in alloys, especially to 
strengthen steel. 


Tests and treatment 
Molybdenite feels distinctly 
greasy to the touch. It looks 
similar to graphite but has a 
higher density, and whereas 
molybdenite has a greenish grey 
streak, that of graphite is very 
dark grey. The iron stains which 
often discolour the crystal 
surfaces of molybdenite may be 
removed with oxalic acid. 


> Crystals of molybdenite on 
gneiss (Scotland). 


ORIGINS and 


DISTRIBUTION *5 


Molybdenite is found in small 
areas of rocks which have 
been altered by the action 

of hot water (hydrothermal 
fluids) and in rocks that 
originally formed through 
igneous activity deep beneath 
the surface of the Earth 
(igneous rocks), especially 
granites. 

Molybdenite is widely 
distributed but seldom occurs 
in large quantities. Some of 
the most productive deposits 
are found in the following 
locations worldwide: 
Queensland (Australia); Con 
Mine, Yellowknife, Northwest 
Territories and Quebec 
(Canada); Azegour (Morocco); 
Raade (Norway); and Climax, 
Colorado and Blue Hill, 

Maine (USA). 


44A A specimen of 
molybdenite from South 
Africa. 


<A dark molybdenite crystal 
from Arizona (USA). 


On the 


The kingdom of 
Norway occupies 
an area of 323,895 sq. 
km in the tue 
western and 
northern 

parts of the 
Scandinavian 
peninsula. 

The country is 
bounded in the north 
by the Barents Sea, in 
the northeast by 
Finland and Russia, in 
the east by Sweden, 
in the south by the 
waters of Skaggerak 
and the North Sea, 
and in the west by 
the Norwegian Sea. 
The long coastline, 
which extends for 
about 3420km, 
includes a vast 
number of fjords and 
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offshore islands. 
he Norwegian economy was transformed in 
the 1960s by the discovery of oil and gas in 
the North Sea. Today, these reserves constitute 
the main sources of wealth in Norway. Other natural 
resources include coal, iron ore, iron pyrite, ilmenite, 
titanium ore and nickel. 


The land 
Norway is an extremely mountainous country and 
almost a third of its land mass lies to the north of the 
Arctic Circle. 

Norway occupies the western, mountainous part of 
the Scandinavian peninsula, which consists mainly of 


Skagerrak . 
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ancient granites and gneisses. The peninsula tilts 
slightly towards the east and this creates a long 

slope down to the Baltic Sea across the neighbouring 
country of Sweden. The highest point in Norway 

is Mt Galdhéppigen (2469m), the summit of the 
Jotunheimen Mountains. The upland areas, or fjells, 
are usually almost bare of soil and vegetation. 

Most of Norway’s population lives along the 
shores of the main fjords. Fjords are long, deep, 
narrow inlets of sea water that stretch many kilometres 
inland. The longest and deepest is Sognefjord, which 
extends for 219km and is 1350m deep. The widest is 
Hardangerfjord, which is up to 10km across. 
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A A refinery at Porsgrunn. Oil and natural gas are 
pumped here from offshore drilling rigs through 
underground pipelines. 


Hydroelectric power 


Lakes and rivers provide one of Norway's greatest assets 


— hydroelectricity. By the late 1980s, about 70 per cent 
of Norway's hydroelectric power potential had been 
harnessed. The larger rivers are found in the east of the 
country: the longest, the Glama, extends for about 
591km. The largest lake, Lake Mjosa, has an area of 
about 390 sq km. 


Offshore riches 

The rocks beneath the Norwegian waters of the North 
Sea contain vast reserves of oil and natural gas. By the 
late 1980s, total reserves amounted to an estimated 
1540 million tonnes of oil and 2770 billion cubic 
metres of gas. The main offshore drilling rigs are 
located to the southwest of Stavanger and to the west 
of Bergen. 

Oil production began in 1971 and increased 
steadily throughout the 1980s. By the end of the 20th 
century, total output was 245,000 tonnes of oil a day. 

Gas production commenced in 1978. This thriving 
industry is controlled by Statoil, a state-owned 
company which works with foreign and private 
Norwegian commercial partners. Norway is now 
one of the world's leading oil and gas producers, 
and these resources account for about 40 per cent 
of export revenue. 


Iron ore and pyrite 
Norway's main mineral resource is iron ore. By 1990, 
2.2 million tonnes of iron ore were being produced 


annually, but by 2005, this had dropped to 620,000 


GROUNDWORK 


< Offshore drilling rigs 
such as this have 
transformed the 
Norwegian economy since 
oil and natural gas were 
first discovered in the 
North Sea in the 1960s. 


tonnes per annum. This was produced mainly from 
the Sydvaranger mines at Kirkenes near the border 
with Russia. 

Pyrite (iron sulphide) was found mainly in the 
north of the country. In the mid-1980s, iron ore mines 
at Kirkenes and Mo i Rana were producing 395,000 
tonnes of pyrite each year, but this had dwindled to 
almost nothing by 2001. 


limenite and titanium 

The largest ilmenite deposit in Europe is located at 
Tellnes in south Norway. Ilmenite is an important 
source of titanium oxide, a compound used in the 
paint and plastics industries. In the year 2005-2006, 
about 380,000 tonnes of ilmenite were being extracted 
here annually, and Norway was the fifth largest 
producer of titanium ore in the world. 


Other natural resources 

Coal is mined in great quantities, while other natural 
resources include dolomite, feldspar, graphite, 
limestone, nickel, nitrogen, olivine sand, quartz, 
soapstone, steatite and talc. 


A Limestone quarrying in central Norway. 


All over the world, glass has an enormous 
range of applications in industry and 
decorative art. It was first made in the 
earliest times, and probably the oldest 
surviving glass objects are Egyptian 
beads dating from about 2500 ac. 


ll glass is composed of around 75 per cent 

silica, a widespread form of silicon dioxide 

(chemical formula SiO;). The principal 
naturally occurring form of silica is quartz sand, and 
most glass is manufactured from this material. 


Glass can be made in many ways, but most of the 
varieties that are in widespread commercial use in the 
modern world are made from sand to which has been 
added varying quantities of lime and soda. These 
additives are derived from limestone and sodium 
carbonate respectively. Both these materials are 
abundant in the Earth’s crust: limestone contains 
calcium carbonate (chemical formula CaCO,), a 
compound that is found principally in the minerals 


A glass blower applies 
the finishing touches to a 
huge flask with a capacity 
of 200 litres. 


A beautiful hand-cut 
glass decanter. 


calcite and aragonite. 
The most important 
source of sodium 
carbonate (Na,CO>) is 
trona, a mineral with 
the chemical formula 
Na4H(COj),.2H;O. 


Some of the highest 
grades of glass are made 
from silica which has 
been melted (fused) and 
then left to cool and 
resolidify. Nevertheless, 


since the melting point of 


SSe|9 


Glass 


sand is normally above 1700?C, 
silica glass is very expensive to 
produce and its use is generally 
confined to specialised optical 
equipment and chemical 
apparatus which must be 
resistant to high temperatures. 
The melting point of silica 
may be greatly reduced by the 
addition of sodium oxide, a 
fluxing agent which is obtained 
through the reduction of sodium 
carbonate. The addition of only 
25 per cent sodium oxide will 


reduce the melting point of silica 
to about 850°C. 


Sheet glass — the type used in 
large windows — contains about 
6 per cent lime and 4 per cent 
magnesia (magnesium oxide). 
The glass used to make bottles 
often contains about 2 per cent 
alumina (aluminium oxide, a 
compound which occurs 
naturally in the form of the 
mineral corundum). Other 


Marbles of coloured glass on sale at a street market in Ginza, Tokyo (Japan). 


materials may be added later to remove any bubbles commonly — but inaccurately — known as ‘white glass’. 
which appear during the melting process. Coloured glass is generally obtained through mixing 


the basic glass materials with one or more metallic 
oxides. Some such chemicals produce constant and 


Sand often contains traces of iron, an impurity which predictable colours: among these are cobalt oxide 

turns glass green. This coloration is usually regarded (which gives a uniform purple-blue coloration), 

as undesirable and may be removed by applying a chromium oxide (green or yellow), and manganese 
mixture of selenium and cobalt oxide together with oxide (violet). Silver oxide, mixed as a paint and spread 
traces of arsenic trioxide and sodium nitrate. The onto the surface of glass which is then heated, gives a 
resulting decolourised glass is transparent and yellow stain. 


In other cases, it may be 
impossible to say for certain 
which metallic oxide will 
produce which coloration. 
Oxides of iron may produce 
an olive green or pale blue 
colour, depending on the exact 
make-up of the glass with 
which it is combined. Lead 
oxide usually gives a pale yellow 
effect. Small quantities of 
copper oxide give a peacock 
blue, but larger applications 
show green. 


A selection of standard school 
laboratory glassware that has 
been specially treated to make it 
resistant to heat. 
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Vanadates 


Vanadate minerals are naturally occurring compounds that contain vanadium, 
various other metals and oxygen. Most vanadates are very rare, and 
so of interest to collectors, while some are of great economic importance. 
Many vanadates are brightly coloured. 


Carnotite 

Carnotite — for which 

the chemical formula is 
K;(UOj);(VO,),.3H;O - 
is a bright golden yellow 
secondary mineral that 
forms through the 
alteration of uranium- 

and vanadium-bearing 
compounds. Carnotite may 
contain up to 53 per cent 
uranium and 12 per cent 
vanadium by weight and is 
an important industrial 
source of both these metals. 
The mineral also contains 
potassium and there may be 
trace amounts of radium. In 
addition, each molecule is 
hydrated by three attached 
molecules of water of 
crystallisation. The world's 
principal deposits of 
carnotite are found in 

the Democratic Republic 
of the Congo, Morocco, 
South Australia, Turkestan 
and the USA. 


Descloizite 

Descloizite has the chemical 
formula Pb(Zn,Cu)(VO,)(OH) and usually occurs as 
brown, green or orange-red crystals. Descloizite forms 
a solid solution series with mottramite, in which the 
quantitites of zinc and copper vary. Descloizite 
contains more zinc than copper, while in mottramite 
copper is predominant over zinc. Descloizite is 
generally found in association with vanadinite in the 
oxidised zones of copper and lead deposits. The 
mineral is found in many parts of the world, including 
Argentina, Germany, Mexico, Namibia, New Mexico 


(USA) and Zimbabwe. 


Francevillite 
Francevillite is a very rare vanadate named after 
Franceville, a town in Gabon, West Africa, where it 


A Leaf-like crystals of descloizite, a vanadate of lead, 
zinc and copper which forms a solid solution series with 
the similar mineral mottramite. As is the case with most 
vanadates, specimens of this mineral should be cleaned 
with distilled water. 


was first extracted from gangue (earth in which ores 
are found) during the mining of uranium. It was 
confirmed as a distinct mineral in 1957. The 

red and yellow crystals contain barium and lead, 
together with uranium, vanadium and oxygen. 
Each molecule is hydrated with five molecules of 
water of crystallisation, and the chemical formula is 
(Ba,Pb)(UO,)3(VO,)>.5H,O. Francevillite forms a 


solid solution series with curienite, a mineral with 
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Tyuyamunite 

Each molecule of this rare 
vanadate of the metallic 
elements calcium and 
uranium has between 

five and eight attached 
molecules of water of 
crystallisation. Its crystals 
are green or yellow in 
normal light and may also 
reveal a weak green or 
yellow fluorescence under 
an ultraviolet lamp. 


Vanadates 


Vanadinite 
Vanadinite is a vanadate 
of lead which also 
contains chlorine: its 
chemical formula is 
Pb;(VO,)3Cl. This 
mineral is the most 

A Beautiful red and yellow crystals of francevillite, a rare important industrial source of vanadium, a silvery 


and complex vanadate of barium, lead and uranium. metal that is used as a catalyst and to make steel 
alloys and high-speed tools. Crystals of vanadinite are 
largely the same chemical composition in which typically bright red, brownish red or orange-yellow and 
the barium has been completely replaced by lead. form mainly in the oxidation zones of lead ore deposits. 
Francevillite is also found in parts of Canada and The most important sources of vanadinite are found in 
in Cornwall (England). Sardinia (Italy), Mexico, Morocco, Scotland, and in 
Arizona, Colorado and New Mexico (USA). 
Mottramite 
Mottramite is very similar to descloizite, and the two Vanalite 
minerals form a solid solution series. The colour of Vanalite was originally discovered in a single, small 
mottramite ranges from light to dark green and may deposit to the northwest of Kara-Tau in Kazakhstan. 
also be brown or black. The mineral is found in the Its exact crystal structure was not confirmed for many 
oxidised zones of lead and copper deposits, notably at years after its original identification as a distinct 
Mottram St Andrew in Cheshire (England), after which mineral in 1962, although it is now known to conform 
it is named, and in Bolivia, Chile and the USA. to the monoclinic system of symmetry. Vanalite is an 


extremely rare hydrated mineral, each molecule having 
30 attached molecules of water of crystallisation. Its 
name is an acronym derived from the chemical symbols 
for its principal components — the metallic elements 
vanadium (V), sodium (Na) and aluminium (Al). 


Volborthite 


Volborthite is a dark green, yellow or brown hydrated 
vanadate of copper which crystallises in the monoclinic 
system of symmetry. It was first discovered at Syssersk 
and Nizhne Tagilsk in the Ural Mountains (Russia). It 
is also found on Vancouver Island (Canada), in 
Leicestershire (England), and in sandstone at 


Richardson, Utah (USA). 
Wakefieldite 


Wakefieldite is a rare, yellow mineral that is found 
in association with quartz in pegmatite at Wakefield 
in Quebec (Canada). It is principally a vanadate of 
A Kidney-shaped (reniform) masses of mottramite from yttrium (chemical formula YVO,), but in some 

the type locality at Mottram St Andrew in Cheshire specimens this element has been replaced by cerium, 
(England). The associated mineral is mimetite. another rare earth metal, and lead. 
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Sphalerite is the chief 

industrial ore of zinc. It has 

also been known as blende, 
black jack or zinc blende. 


phalerite is commonly brown or black 

but it can also be yellowish, red, grey, 

green or white. In its pure form, it 
may contain up to 67 per cent zinc, a 
white metal with a vast range of uses in 
industry. Sphalerite has been used for 
hundreds of years as an ore of zinc and 
is found in mineral veins with other 
metallic ores such as galena (lead sulphide) 
and chalcopyrite (copper sulphide). 


Uses of zinc 
On exposure to air or water, zinc becomes coated 
with a corrosion-resistant layer of zinc oxide. This 
property makes the metal an extremely useful 
component of alloys because it may be used as a coating 
to protect underlying materials from damage. 

Zinc is an important component of brass (an alloy 


SPHALERITE 


Group: Sulphides 
Crystal system: Cubic 


Chemical formula: ZnS 
Hardness: 3/—4 
Density: 3.94.1 


Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Brown, black, yellowish, 
red, grey, green, white 


Streak: Pale brown or 
colourless 


Lustre: Resinous to 
adamantine 


Fluorescence: Sometimes red 


which also contains more than 50 per cent copper), some A Honey-coloured crystals of sphalerite in 
forms of bronze (an alloy of copper, tin and sometimes association with silvery grey crystals of 
lead) and nickel-silver. Zinc is also widely used in die- galena (lead sulphide). This specimen was 
casting, galvanising metals and in battery electrodes. found at Casapalca (Peru). 


4 Sphalerite in 
association with 
quartz and pyrite 
(Tennessee, USA). 


MINERALS 


4 Black crystals of 
marmatite (a variety a = 
of sphalerite) from . Sphalerite is a member of the sulphide group of 
Rodna, Romania. minerals. Each molecule of sphalerite is made up 
of one atom of zinc combined with one atom of 
sulphur. Impurities are often present, notably iron, 
but these are not integral parts of the mineral's 
structure and so do not appear in its chemical | 
| formula (ZnS). | 
| A Crystals of sphalerite conform to the cubic 
system of symmetry. Many crystals grow together 
in the phenomenon known as twinning. Specimens 
may also occur as fibrous or grape-shaped 
(botryoidal) masses. 
Sphalerite weighs approximately four times 
. more than the equivalent volume of water at room 
temperature. Its density varies between 3.9 and 4.1, 
and increases as the zinc in the mineral is substituted 
by the denser metal iron. 
When placed under an ultraviolet lamp, sphalerite 
may give off a fluorescent red light. 
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Industrial mineral 


ORIGINS and DISTRIBUTION & 


Sphalerite commonly forms in hydrothermal veins, 
along with other minerals including dolomite, 
quartz, fluorite and calcite. 

The world's most economically important 
sphalerite deposits are located in the Mississippi 
River Valley (USA). Sphalerite is also found in 
Australia, Belgium, Brazil, Canada, England (in 
Cumbria and the Pennines), France, Germany, Italy, 
Japan, North Africa, Poland, Spain and Sweden. 


Similar minerals 
Externally, sphalerite may appear identical to matraite 
and wurtzite: in scientific terms, the three minerals are 
said to be trimorphous. Although matraite has the same 
chemical components as sphalerite (zinc and sulphur), 
the two minerals have different crystal structures: 
matraite conforms to the trigonal system of symmetry, 
while crystals of sphalerite are in the cubic system. v Brownish red sphalerite on white dolomite (Italy). 
Wurtzite contains iron as well as zinc. Its crystals 
conform to the hexagonal system of symmetry. 
Marmatite is a variety of sphalerite that contains 
between 10 per cent and 26 per cent iron. 


Impurities 

Sphalerite often contains a wide range of impurities: 
these include the chemical elements mercury, iron, 
manganese, cadmium, indium, gallium, silver and gold. 


Tests and treatment 

Pure sphalerite will not melt (is infusible). If sphalerite 
is placed in dilute hydrochloric acid, it will give off 
hydrogen sulphide, a gas with the distinctive smell of 
rotten eggs. 


Large quantities of hydrogen 
sulphide are extremely dangerous. 
Never pour hydrochloric acid onto a 
specimen of sphalerite. 
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Datolite 


Datolite is a rare mineral containing 
boron, and where it is found in 
* sufficient quantities datolite is mined 
as an ore of this element. 


atolite is colourless, white, brown, 
D green, pink, red or yellow. It 
forms mainly in massive 
aggregates composed of tiny 
grains. It also occurs as 
complex stubby crystals 
and porcelain-like crusts 
which coat rock surfaces. 
Datolite is a translucent 
to transparent mineral, 
and its crystals have a 
shiny vitreous lustre. 
The chemical 
composition of datolite 
is very similar to that of 
danburite, another rare 
silicate mineral. However, 
while danburite is quite 
hard (scoring 7 on the 
Mohs Scale of hardness), 
datolite is softer, scoring 
only 5—5Z. Both minerals 
have a similar density. 
Datolite is 2.8 to 3.0 
times heavier than an 
equivalent volume of water while danburite has a A Large greenish and pink crystals of datolite 
density of 2.9 to 3.0. (Bolzano, Italy). 


Minor source of boron FACT FILE 
Although datolite is generally too rare to be 
used in industry, a few large deposits are mined DATOLITE 
commercially for their boron, an element used to Group: Silicates 
make green flares and as a component in filaments Crystal system: Monoclinic 
and semiconductors. Chemical formula: CaBSi0,(OH) 
Hardness: 5-5% 

Tests and treatment Density: 2.8-3.0 
Unlike danburite, datolite dissolves (is soluble) in Cleavage: None 
hydrochloric acid. Datolite melts (fuses) easily in an Fracture: Uneven to conchoidal 
open flame, which is coloured green by the presence Colour: Colourless, white, brown, green, pink, red, yellow. 
of boron. Streak: Colourless 

Any unsightly surface impurities may be removed Lustre: Vitreous 
from the crystal faces using distilled water applied Fluorescence: None 
with a cloth or a cotton bud. 


MINERALS 


Most datolite is found in rocks that originally formed 
through igneous activity deep beneath the surface of 
the Earth (igneous rocks), particularly in veins and 
cavities in basaltic rocks. It often occurs in association 
with calcite, quartz and zeolites. 

Datolite occurs in the USA, particularly in Riverside 
and San Bernardino counties (California), Westfield 
(Massachusetts), the Keweenaw copper area 
(Michigan) and at Bergen Hill (New Jersey). 

Magnificent crystals are found in small quantities 
at the following locations: Tasmania (Australia), Italy, 
Arendal (Norway) and Fife (Scotland). 


Rare mineral 
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Datolite is a member of the silicate group of 
minerals. Each molecule contains the elements 
calcium, boron, silicon and oxygen, together with a 
hydroxyl radical (chemical formula OH). 

Crystals of datolite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. 


A White crystals of 
datolite from New 
Jersey (USA). 


4 Crystals of datolite 
from Novara (Italy). 


Although it would be difficult to 
imagine two more different 
minerals than graphite and 
diamond, they are both forms of 
the same chemical element. 


raphite is a steely grey mineral 

with a metallic sheen 

(lustre). It is widely used as 
the so-called lead in pencils and its 
name is derived from the Greek 
graphein meaning ‘to write’. 

Graphite — which has also been 

known as black lead or plumbago — 
is a form of carbon. Chemically, 
it is identical to diamond, 
but physically it is 
completely different: while 
diamond is the hardest 
naturally occurring 
substance (scoring 10 on 
the Mohs Scale), graphite 
is one of the softest, with a 
score of only 1-2 on the 
same scale. 


Polymorphism 

Some chemically identical 
substances may take two 
or more distinct physical 
forms: the scientific term 
for this phenomenon is 
polymorphism (see 
Discovery 55). Graphite 


and diamond are said to be polymorphs of carbon. 


industrial uses 
The best-known everyday use of graphite is in pencils, 
but the mineral is also an important component of arc 
lamps, batteries, brushes for electric motors, crucibles, 
nuclear reactor cores and a wide range of commercial 
polishes. Although graphite occurs in large quantities 
in many parts of the world, the industrial demand for 
it is so great that it is also manufactured artificially by 
heating coke and clay. 

The first part of this reaction produces silicon 
carbide, but at temperatures of about 4150°C the 
silicon is driven off, leaving pure carbon in the form of 
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< A Two specimens of 
graphite from Novara (Italy). 
This mineral bears a close 
superficial resemblance to 
molybdenite (naturally 
occurring molybdenum 
sulphide), but weighs less 
(that is, has a lower density). 


Graphite is a form of carbon and is thus classified 
as a native element. 

Crystals of graphite conform to the trigonal | 
system of symmetry and sometimes appear in flat, | 
six-sided shapes. Graphite also forms in massive 
specimens (having no particular shape) with granular, 
tabular or earthy habits. 

When subjected to pressure, graphite will break 
up cleanly and easily in sheet-like layers along its 
weakest structural planes: in scientific terms, it is said 
to display perfect cleavage. 


MINERALS | 


ORIGINS and DISTRIBUTION & 


1 Graphite occurs in a variety of rocks, but especially in 
metamorphic and igneous rocks. Metamorphic rocks 
are those formed by the alteration of existing rocks 
when they are subjected to heat and pressure 
changes. The metamorphic rocks in which graphite 
occurs mainly include slate and schist, but it can also 
be found in gneiss. Graphite is also found in igneous 
rocks formed by the consolidation of magma at 
depth in the Earth's crust, and in some mineral veins. 

Graphite is found extensively in the following 
locations worldwide: Ontario (Canada); Borrowdale, 
Cumbria (England); Pargas (Finland); Germany; 
Calabria, Liguria and Novara (Italy); Madagascar; 
Sonora (Mexico); North Korea; Irkutsk, Siberia (Russia); 
South Korea; Sri Lanka; and Sterling Hill, New Jersey, 
and Ticonderoga, New York State (USA). 


graphite. This type of treatment is known as the 
Acheson process, after its inventor, US scientist 


Edward Goodrich Acheson (1856-1931). 


Tests 

Graphite has a greasy feel and will leave a black 
mark on paper. It is insoluble in acids and infusible 
(that is, it cannot be melted). When handled, it will 
stain the fingers black. 


GRAPHITE 


Group: Native elements 
Crystal system: Trigonal 
Chemical formula: C 


Hardness: 1—2 
Density: 2.1—2.2 
Cleavage: Perfect 
Fracture: Uneven 


Colour: Dark grey 
Streak: Black 
Lustre: Metallic 
Fluorescence: None 


> Graphite from 
Novara (Italy). 
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Sillimanite 


Sillimanite is of 
scientific interest and 
is used in industry. 


illimanite is typically brown, grey or green, but 

may also be colourless, blue, white or yellow. 

It was first identified as a distinct mineral in 
1824 and named in honour of Benjamin Silliman 
(1779-1864), a chemistry professor at Yale 
University in Connecticut (USA). 

Most specimens of sillimanite are non-crystalline. 
Fibrous specimens are sometimes known by the 
alternative name fibrolite. 


Polymorphism 

As we have seen in Discovery 55, some minerals are 
chemically identical to each other but have different 
physical structures. This phenomenon is known as 
polymorphism, from the Greek words meaning 
‘many forms’. 

Sillimanite is one such mineral. It has exactly 
the same chemical formula as both andalusite and 
cyanite: thus, in scientific terms, the three minerals 
are said to be trimorphous. They were often confused 
until as late as 1852. 


v Along prismatic crystal of 
sillimanite from Novara (Italy). 
Deposits from there are sometimes 
used to make furnace linings. 
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CHARACTERISTICS 


Sillimanite is a member of the silicate group of 
minerals, each molecule being composed of two 
atoms of aluminium, one atom of silicon and five 
atoms of oxygen. 

Crystals of sillimanite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. The crystals 
commonly occur as distinct, elongated prisms but 
may also take the form of tiny fibres which may be 
interwoven (matted) or run parallel to each other. 
Massive specimens are more common than 
crystalline ones. 

When subjected to pressure, sillimanite will 
break cleanly along its weakest planes: in scientific 
terms, it is said to display perfect cleavage. 
Sillimanite has a glassy sheen (vitreous lustre) 
and is either transparent or translucent. 


SI 


MINERALS 


Key differences 

Andalusite and sillimanite both conform to the 
orthorhombic system of symmetry: this distinguishes 
them from cyanite, crystals of which are classified in 
the triclinic system. 

In addition, sillimanite weighs between 3.2 and 
3.3 times more than the equivalent volume of water 
at normal room temperature. It is thus denser than 
andalusite (which has a density of 3.13—3.16), but is 
less dense than cyanite (3.5-3.7). 


Metamorphic rocks 

Sillimanite is of considerable use to geologists who 
study metamorphic rocks. Regional metamorphism is 
produced over wide areas deep in the Earth’s crust by 
high temperatures and pressures, and a number of 
different minerals including sillimanite are used to 
place rocks formed by regional metamorphism into 
different temperature and pressure zones. 


industrial use 

Sillimanite has a low sensitivity to heat and is thus 
sometimes mined for use as a lining in industrial 
furnaces and kilns. 


Sillimanite forms in gneisses, schists and other rocks 
that have been altered by heat and/or pressure 
(metamorphic rocks). It also occurs in the igneous 


rock, granite. 


The most abundant deposits of this widespread 
mineral are found in the following locations: the Tyrol 
(Austria); Puy-de-Dóme (France); Bavaria (Germany); 
Novara (Italy); Mogok (Myanmar); Ticino (Switzerland); 
and Connecticut, Idaho and South Dakota (USA). It is 
also found in Canada, India, Ireland, Madagascar, 
Scotland, South Africa, Sri Lanka and Tanzania. 


v The photographs 
on this page show 
typical elongated 
crystals of sillimanite 
from Novara (Italy). 
The presence of this 
mineral indicates 
that the surrounding 
rocks were formed 
by metamorphism at 


| high temperatures. 


FACT FILE 
SILLIMANITE 


Group: Silicates 

Crystal system: Orthorhombic 
Chemical formula: Al,Si0; 
Hardness: 64-7% 


Density: 3.2-3.3 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Brown, grey, green, 
colourless, blue, white, yellow 
Streak: Colourless 

Lustre: Vitreous to silky 
Fluorescence: None 


DISCOVERY — 


Silicates I 


Silicates are important rock-forming minerals. Many of them are 
created when magma or lava cools to form igneous rocks. Many silicate minerals 
are made of a metallic atom joined to silicon and oxygen atoms. 

Some complex silicates contain many different metals. 


Earth's crust and upper mantle. 

They are the major 
constituents of most rocks that 
originally formed through igneous 
activity deep beneath the surface 
of the Earth (igneous rocks). 
They are also widespread in rocks 
that have been altered by heat and 
pressure (metamorphic rocks) and in 
sedimentary rocks. 

Silicate minerals are also found in 

asteroids and meteorites, and on the surface 


of the Moon. 


S ilicates make up over 90 per cent of the 


The following is a selection of some of the 
best-known silicate minerals. 


Actinolite 
Actinolite crystals are mainly green, and the intensity 
of this coloration increases in proportion to the 
amount of iron they contain. Some specimens are 
almost black. Actinolite is found in Canada, New 
Zealand, Russia, and Alaska and California (USA), 


plus many other locations worldwide. 


Amazonite 

Amazonite — also known as amazonstone — is a bluish 
green form of microcline feldspar which contains 
potassium and aluminium. The finest specimens, 


A This specimen of actinolite was found in a 
metamorphic rock in Gross Glockner (Austria). 


which are cut into gemstones, come mainly from 
Brazil, Canada, Madagascar, Mexico, Namibia, 
Russia, Tanzania, the USA and Zimbabwe. 


Andalusite 

Andalusite is a silicate of aluminium that occurs in 
many igneous rocks including granite and pegmatite, 
often with sillimanite and cyanite. It forms stubby 
prismatic crystals which are classified in the 
orthorhombic crystal system. Some specimens have 
crystals with a cross-shaped section and these are 
called chiastolite. Andalusite can be a variety of 
colours, including brown, reddish, pink, grey and 
greenish. It is found in Austria, Brazil, England, Italy, 
Scotland, Spain and many parts of the USA, plus 


other locations worldwide. 


Beryl 
Beryl is a silicate of beryllium and aluminium, 
commonly occuring as fine prismatic crystals 


4 Crystals of amazonite (also known as amazonstone), 
an orthoclase feldspar which forms in metamorphic 
gneisses and igneous granites. 


| SOZEOINNS 


Silicates I 


A Almandine garnet is a silicate which derives its 
distinctive red coloration from the iron it contains. 
These fine crystals were found in Pakistan. 


terminated by small pyramids. Some giant crystals up 
to 5.5m in length have been found. Beryl can be a 
variety of colours including green (emerald), pink 
(morganite) and blue (aquamarine). It is a very hard 
mineral, registering 7 to 8 on the Mohs Scale of 
hardness. Beryl occurs in many parts of the world, 
including Australia, Brazil, Colombia, Italy, Norway, 
Russia and the USA. 


Dumortierite 

This mineral — which is most often blue or violet, but 
may also be reddish brown — is a silicate of aluminium 
which also contains boron. Its chemical formula is 
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Al(BO;)(SiO,4)303. Dumortierite 
is highly resistant to heat, and is 
therefore used to make the linings 
of industrial furnaces. Crystals are 
rare. Despite its rarity, small 
quantities of this mineral are 
found in many countries, 
principally Canada, France, Italy, 
Madagascar, Namibia, Norway, 
Poland, Sri Lanka and the USA. 


Garnets 

The garnets form an important 
group of silicates, many of which 
are used as abrasives in industry 
while many crystals are fashioned 
into gemstones. Garnets have 
been found in Brazil, Canada, 
the Czech Republic, India, 
Madagascar, Spain, South Africa, 
Sri Lanka and the US states of 
California, Florida, Idaho, New 
Hampshire and North Carolina. 


A Crystals of grossular garnet from Australia. 


The the main garnet varieties and their approximate 
formulae are as follows: 


almandine  Fe3AI,(SiO,); 
andradite — Ca4Fe;(SiO4), 
grossular Ca Al (SiO); 
pyrope Mg;AL,(SiO,)3 
spessartine  Mn4AL(SIO,); 
uvarovite Ca3Cr (SiOx); 


<A compact mass of dumortierite, an aluminosilicate 
which was first identified as a distinct mineral in 1881. 


e Paints 


Paints have been used by artists 
since prehistoric times and until the 
20th century nearly all the colouring 
agents (pigments) they contained 
came from minerals. 


igments are substances which give paints their 
particular coloration. Some pigments give just 
one colour, while others may provide a range. 


For thousands of years, minerals have been important 
in the preparation of paints. In the West, painters 
generally primed canvas or wood with paint made of 
plaster of Paris (water and gypsum) or finely ground 


An illustration from a medieval edition of the works of Boccaccio. The man on the right is grinding mineral pigments. 
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chalk. Paints for domestic or industrial use were 
applied over an undercoat of white lead carbonate 
which was obtained from the mineral cerussite. 
However, problems arose with this material after 
the Industrial Revolution in the 19th century: new 
machinery released into the air large quantities of 
hydrogen sulphide which converted the lead carbonate 
into black lead sulphide. Also, lead poisoning caused a 
disease called painter's colic. It therefore became 
necessary to develop other pigments. 

Some paints contain extenders — materials which 
give paints body and slow down the rate at which they 
dry. Common extenders include kaolin and chalk. 


Titanium dioxide is the most important white 
pigment. There are two grades: one comes from rutile, 
the other from anatase or ilmenite. Rutile is generally 
more suitable for emulsion and gloss paints, while 
anatase gives a good whiteness but is not very weather- 
resistant and is mainly used indoors. 
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Paints 


Zincite (zinc oxide) is 
otherwise known as the artists' 
pigment Chinese white. It is 
used as a paint in warm, damp 
climates because it has anti-fungal 
properties. Zinc sulphide is 
another white pigment but 
titanium oxide remains the 
most important natural white 
paint colorant. 


Since ancient times, one of the 
most important mineralogical 
pigments has been a substance 
called ochre. Although the word 
comes from okhros, the Greek 
for ‘pale yellow’, it has now 
become a general term for any 
of a wide range of earths 
containing ferric oxides. 

What is known as brown 
ochre is derived mainly from 
limonite; red ochre comes from 
hematite; yellow ochre may be 
goethite or limonite or a mixture 
of both. All these minerals are naturally occurring 
forms of iron oxide. 


Sienna pigments are mostly brown and are mainly 
mined near the city of Siena in Italy. Their precise 
chemical composition varies, but they typically 
contain no less than 40 per cent and no more than 70 
per cent iron oxide, together with small quantities of 
manganese dioxide. If the untreated material — which 


Lapis lazuli, a gem material which is 
one of the main sources of artists’ 
blue pigment. 


is popularly known as ‘raw sienna 
— is heated to a high temperature, 
it will become dehydrated and 
leave behind an orange-red 
residue called ‘burnt sienna’. 


Umber is another naturally 
occurring ferric oxide pigment. 

It is a darker brown than the 
siennas and comes mainly from 
Cyprus. The untreated pigment is 
known as ‘raw umber’. After it 
has been heated, however, the 
even darker product is called 
‘burnt umber’. 


Cadmium sulphide gives the 
pigment known as cadmium 
yellow: today, most supplies 
of this material are prepared 
synthetically, but it may also 
be obtained from naturally 
occurring greenockite. 


Important red pigments have been obtained from 
cinnabar (mercuric sulphide), but strong, primary reds 
are now generally obtained from cadmium selenide, an 
artificial compound known to artists as ‘cadmium red’. 
Yellow and green pigments may be obtained 
from the mineral chromite (an oxide of iron and 
chromium, which may also contain traces of 
magnesium and aluminium). 


Blue pigments are rarer in nature than either yellows 
or reds. The blues and greens used by painters have 
sometimes been derived from oxides of copper or 
from lapis lazuli (the precious form of lazurite, an 
aluminosilicate of sodium and calcium). 

Ultramarine is an ancient pigment originally made 
from lapis lazuli found in China and Iraq. It is now 
made synthetically by roasting a mixture of china clay 
and sodium sulphate with soda, carbon and sulphur. 
Although ultramarine is basically bright blue in colour, 
violet shades can be obtained by heating the above 
mixture with hydrogen chloride gas. 


Black pigments are obtained from charcoal and other 

forms of carbon. “Carbon blacks’ are made by burning 
oil or natural gas in limited air to create soot (another 
form of carbon). 


Red cinnabar (mercuric sulphide). For many years 
this mineral was the main source of the artists’ 
colour vermilion. 


The principal sources of industrial energy 
in the modern world are coal, oil and 
natural gas, all of which are fossil fuels. 
Despite the many benefits that these 
fuels have brought, they damage the 
environment. Moreover, they are finite 
resources - when they are exhausted, 
they cannot be replaced. 


oal, oil and natural gas are essential to modern 
l life because they provide heat, light and power 
for industry. Without these fossil fuels, the 
internal combustion engine would not exist and there 
could never have been motor cars or aircraft. 
Heat, light and power are the main benefits 
of fossil fuels, which currently provide about 75 
per cent of the world’s energy. But these fuels have 


disadvantages, too. When they burn, they produce a 


A An oil rig in the North Sea, off the coast of Scotland. 


range of unwanted by-products which pollute 

large expanses of the Earth and contribute to global 
warming, which the majority of scientists believe is 
the most serious threat to the world today. 


A Despite the idyllic appearance of this Swedish lake, all 
its fish have been killed off by acid rain. 
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When fossil fuels are burned, they produce the so- 
called greenhouse gases, the most important of which 
is carbon dioxide. Normally, the Earth is warmed by 
heat from the Sun and some of this heat should then 
escape back into outer space. But greenhouse gases 
form a barrier which prevents surplus heat from 
escaping and causes a gradual but consistent increase 
in atmospheric temperature. 


Over the last 100 years, the average global surface air 
temperature has risen by approximately 0.5°C. Some 
scientists believe that by the middle of the 21st century 
the Earth will be 1.5?C hotter than it is now. 

This is alarming because an increase of as little 
as 2—3°C in average global temperatures would 
bring drought to many parts of the world. More 
dramatically, it would also melt the ice caps at the 
North and South Poles: this would cause the level of 


A coal mine in Germany, 
with its slag heap in the 
foreground. 


A huge pipeline for 
transporting gas in 
Wyoming, USA. 


the sea to rise and submerge low-lying arable land and 
many of the world’s cities. 


There are other detrimental side-effects of fossil fuels. 
Smoke from power stations and factory chimneys 
contains sulphur, an element which pollutes moisture 
in the air. This moisture then falls as acid rain, which 
kills vegetation and aquatic life and damages the 
stonework of buildings. 

The effects of acid rain were first noticed in the 
1960s in Scandinavia. Today, the problem is so bad 
that in Sweden, 20,000 of the country's 200,000 lakes 
are now empty of fish. 


One alternative source of energy is nuclear power. This 
does not cause acid rain but it does produce radiation, 
a potential source of even worse pollution. The most 
serious incident of nuclear pollution to date occurred 
as the result of an accident at the nuclear plant at 
Chernobyl (Ukraine) in 1986. Although few people 
were killed in the original explosion, residents of 
surrounding areas have since shown an increased 
incidence of cancer and other illnesses associated with 
exposure to nuclear contamination. 


Thus there are many compelling reasons for finding 
alternative energy sources which do not damage the 
environment. The best such sources are the Sun (solar 
power), water (tidal and hydroelectric power) and the 
wind. Some scientists believe that it is only through 
exploiting these 'green' sources of energy that the Earth 
can be saved from an unprecedented catastrophe. Even 
scientists who do not share this extreme view agree 
that humans cannot go on using fossil fuels forever 
and that new sources of energy are urgently needed. 
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GEMSTONES 


Malachite 


Malachite's bright green colour is one 
of its best identification features. 


This and its attractive banded 
structure make it a popular gemstone. 


alachite has been known for thousands of 
years. Early civilisations wore malachite 
amulets to ward off danger and illness. 


Fragile gemstone 

Malachite is very beautiful but it is fairly soft. As a 
result it is too vulnerable to wear and tear to be widely 
used in jewellery and cannot be counted in the first 
rank of gem materials. It is most often used as an 
ornamental stone. Typical malachite artefacts include 
ashtrays and decorative trinket boxes. 


The cut 

When it is fashioned into jewellery, malachite 

is cut into smooth, domed shapes called 
cabochons: faceting is unsuitable for this 

gemstone as the material used ornamentally is 
non-crystalline. Indeed, malachite crystals are 

very rare. The great advantage of the cabochon is 
that it brings out the gemstone’s attractive light and 
dark green banding. Malachite may also be used to 
make beads and buttons. 


Industrial uses 
Malachite is a soure of copper, but although it is 
widespread, it is only a minor ore of 
copper. It tends to occur in 


v Amalachite 
trinket box. 


> A silver brooch with 
inlaid polished pieces 
of malachite. 
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Malachite is a common secondary product which 
forms through chemical reactions to pre-existent 
copper minerals, especially chalcopyrite. It is found 
in the oxidised zones of copper deposits, where it is 
often associated with azurite. 

Malachite is widely distributed. Some of the 

finest specimens have been found in the following 
locations: Broken Hill, New South Wales and South 
Australia (Australia); Chile; Katanga (the Democratic 
Republic of the Congo); Liskeard, Cornwall (England); 
Chessy (France); Germany; Greece; Mexico; Morocco; 
Tsumeb (Namibia); Hizhne-Tagilsk, Siberia (Russia); and 
Zambia. It is also found in Bisbee in Arizona, New 
Mexico and Utah in the USA. 


CHARACTERISTICS 


Malachite is a member of the carbonate group of 
minerals. It is a carbonate of copper. It also contains 
two atoms of oxygen and two atoms of hydrogen: 
since these elements are the components of water, 
malachite is said to be a hydrous mineral. 

Crystals of malachite are rare, but those that do 
occur belong to the monoclinic system of symmetry in 
which no crystallographic axis is the same length as any 
other. Malachite commonly forms in kidney-shaped 
(reniform), grape-like (botryoidal) or radiating masses. 

Malachite is three and a half to four times heavier 
than the equivalent volume of water at normal room 
temperature. 

The sheen (lustre) of malachite is variable. The crystals 
sparkle like diamonds: this is known as adamantine 
lustre. Fibrous varieties tend to have a silky appearance, 
while massive (shapeless) specimens are dull. 


AA Fibrous malachite with limonite (Genoa, Italy). Malachite is a common mineral and is easily found 

associated with copper deposits and in hydrothermal 

veins. It is associated with chalcopyrite and azurite, 

and attractive specimens containing both malachite 
and dark blue azurite are not 
unusual. It is also easy to 


obtain from mineral dealers at a 


A A cross section of malachite clearly showing its light 
and dark green bands (Katanga, Dem. Rep. Congo). 


association with cuprite, the principal 
ore of copper, and with native copper 


itself. Most malachite is extracted more 
or less fortuitously as a by-product of 
copper mining and is seldom removed 
from the Earth for its own sake. 


Prospecting guide 

The main significance of malachite in 
the industrial extraction of copper is as 
a prospecting guide: its distinctive green 
colour is readily visible in the weathered 
zones of nearly all copper deposits and 
provides geologists with a reliable 
indication of where copper ores occur. 


MALACHITE 


Group: Carbonates 


Crystal system: Monoclinic 


Chemical formula: Cu;CO;(0H); 


Hardness: 3/—4 


Density: 3.54.0 
Cleavage: Perfect 


Fracture: Subconchoidal to uneven 


Colour: Green 


Streak: Green 
Lustre: Adamantine, silky or dull 


Fluorescence: None 


reasonable price. Because it is a soft 
mineral it can be readily polished, 
using different grades of grit, to 
produce specimens with a highly 
reflective surface. 


Tests and treatment 
Malachite is soluble in hydrochloric 
acid. As it dissolves, it gives off a 
strong effervescent fizz. It should 
be washed only with distilled water 
because the impurities in tap water 
may irreparably damage its surface. 
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MOSS agate 


The visible patterns 

that appear in this 

gemstone resemble 
vegetation but are of 
completely inorganic origin. 


oss agate is generally milky 
white or greyish white and 
contains various impurities 


which are visible from the outside 
of the gem. These inclusions 
resemble moss. 

Agate is a variety of chalcedony, a 
form of silicon dioxide. The chemical 
formula of all varieties of chalcedony 
is the same as that of quartz (SiO). 


Internal growths 

Most forms of agate are defined by 
their concentric, multi-coloured 
banding. The essential characteristic 
of moss agate is its internal ‘growths’ 
which resemble moss. 


A Moss agate with 
green and black 
inclusions. 


4 For the purposes 
of comparison, a 
slab of ‘normal’ 
agate showing 

the characteristic 
banded zones. 
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Nature of inclusions 

The characteristic inclusions inside moss agate 
specimens are usually made of manganese oxides or 
hornblende but the moss effect may also be caused by 
the presence of oxides and hydroxides of iron. 


Uses 

Moss agate may be polished into ornamental slabs to 
bring out its natural inclusions to their best advantage. 
Other favoured designs include the smooth, domed 
cabochon and brooches with raised designs that are 
called cameos. 

The markings on the finest specimens of moss 
agate bear a striking resemblance to scenic landscapes. 
Other pieces with inferior markings may be improved 
artificially by dyeing and staining: it is quite easy to 
achieve spectacular effects in this way because agate 
absorbs liquids without difficulty (in scientific terms, it 
is said to be a porous material). 


Mocha stone 

A variety of moss agate is sometimes known as Mocha 
stone after the Red Sea port in North Yemen from 
where many early specimens originated. 


A Blackish 'moss' in a yellowish 
white specimen. 


MOSS AGATE 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 67 

Density: 2.65 

Cleavage: None 


Fracture: Conchoidal 

Colour: Whitish background with green, 
brown or black inclusions 

Streak: White 

Lustre: Vitreous to waxy 


Fluorescence: Bluish white 


GEMSTONES 


In common with other forms of agate, moss agate 
occurs in hollows (vesicles) in basalt lava and in cracks 
(veins) in the same rock. When filled with agate the 
vesicles are called amygdales. These are much harder 
than the basalt lava and weather out as rounded 
pebbles filled with agate. 

The most famous source of moss agate and 
other forms of agate was formerly Idar-Oberstein 
(Germany), where gem-quality specimens were 
collected from at least 1548. Even though its own 
supplies have been exhausted, this town in the 
Rhineland is still the world's leading centre for 
polishing and carving ornamental agate. 

Today, some of the finest specimens of moss agate 
are found in the following locations: Santana do 
Livramento in Rio Grande do Sul (Brazil); the Deccan 
plateau (India); and Fife (Scotland). In the USA, moss 
agate occurs in the states of Colorado, Michigan, 
Oregon, Utah, Washington and Wyoming. Some more 
recent discoveries have revealed high-quality moss 
agate in China and Uruguay. 


CHARACTERISTICS 


Moss agate is basically made up of one atom of 
silicon combined with two atoms of oxygen. It is 
thus a member of the oxide group of minerals 
but is sometimes wrongly classified as a silicate. 
The moss-like inclusions are not an essential 
part of its chemistry and so do not appear in its 
chemical formula. 

If specimens of moss agate are placed under 
an ultraviolet lamp, they may give off a bluish white 
light of their own: the scientific term for this effect 
is fluorescence. 


A Despite its name, the inclusions in moss agate may resemble many 
different forms of vegetation. In this specimen they are reminiscent of 
strands of seaweed. 
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Bauxite 


Bauxite is the main ore of 
aluminium, a strong, light metal 
which resists corrosion. 


auxite is a yellowish red or 
reddish brown coloured rock 
that has been classified in the 
past as a mineral. It was named 
after Les Beaux in France, where 
it was first identified in the 
19th century. 


Formation 

Although it contains 

a number of minerals, 

bauxite is correctly 

classified as a rock. It is 

of sedimentary origin 

and forms mainly through 

the alteration, due to 

weathering, of granite, 

sandstone and clay which have 

a low iron content. This process 

occurs most efficiently in regions 

with a high seasonal rainfall and 

tropical climate, temperatures above 

25°C being best for bauxite formation. 
Repeated weathering increases the 

content of aluminium-rich minerals. Rich 

deposits of bauxite formed in this way 

occur in Jamaica and Surinam. The bauxite 

at Les Beaux probably formed by the action 

of hot volcanic solution on local rocks. 


Mineral content A A typical yellowish red specimen of bauxite. 
The three main minerals in bauxite are gibbsite, 
diaspore and boehmite, all aluminium hydroxides. 
Many bauxites also contain a wide range of other 
minerals derived from the parent rock. These BAUXITE 
include quartz and iron oxides such as goethite, Type: Sedimentary rock 
limonite, magnetite and hematite. There may also Essential components: Gibbsite, boehmite, diaspore, clay 
be varying amounts of clay minerals in the rock. Secondary components: Quartz, iron oxides 

Colour: Yellowish red, reddish brown 
Pisolitic structure Texture: Pisolitic 
Bauxite often has a pisolitic structure. This Structure: Non-crystalline, earthy 
consists of rounded grains, similar to, but larger Grain: Medium to coarse 
than, those in oolitic rocks. These can be seen in the Density: 2.7 
illustrations, and form late in the deposition of the 


rock, often by the recrystallisation of feldspar derived 
from tropical weathering of the rock. 


Widespread rock 

Bauxite is a very widespread rock, though not all 
deposits are suitable for aluminium extraction. It 
occurs in West and East Africa, Brazil, India, Jamaica 
and elsewhere. Some poor quality bauxite deposits 
occur around the northern Mediterranean region, but 
good deposits of bauxite only occur in regions which 
have mild winters. 


Use and extraction 
of aluminium 
Because it is light in 
weight, strong and 
resistant to corrosion, 
aluminium has many 
uses, especially in aircraft 
construction and 
increasingly in the 
manufacture of motor 
vehicles. It is, however, an 
expensive metal to obtain 
from the ore, because 
much energy is required 
in the process. 
Aluminium smelters 
are often sited in places 
where there is a cheap 


source of electricity from 
hydro-power. 


> The common reddish 
brown coloration of 
bauxite is derived from 
iron oxide. 


v This specimen of 
bauxite from the Natural 
History Museum (London) 
is lighter in colour because 
it contains less iron oxide. 


CHARACTERISTICS 


Bauxite is composed of a variety of aluminium 
hydroxides. These include the minerals gibbsite, 
boehmite and diaspore. The rock also has small 
quantities of clay, quartz and iron oxide minerals. 
These iron minerals include hematite, limonite 
and goethite, all of which give the rock its 
reddish brown colour. 

Pisolitic structure is common in bauxite. 
This consists of rounded particles 5mm or 
more in diameter. The rock often has an 'earthy' 
appearance and is poorly cemented, being friable 
and easily broken. 
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ORIGINS and DISTRIBUTION 


xite is a sedimentary rock produced by the 
weathering of already formed rocks. It occurs mainly 
in regions where there is a tropical climate and high 
seasonal rainfall. The rocks most likely to produce 
bauxite deposits when they are weathered in this way 
are granite and sandstone. Bauxite is a common rock in 
many areas of the world. Large amounts occur in Brazil, 
France, Ghana, Hungary, Jamaica, Russia and the USA. 


eunerite 


Zeunerite is a very rare 
mineral which is closely 
Nat related to autunite. Both 
minerals contain the metallic element 
uranium, making them radioactive. 


eunerite is usually emerald green, olive 
green or yellowish green. It was first 
identified in the 18th century at 
Schneeberg in Saxony (Germany), but was 
not confirmed as a distinct mineral until 1951. 
Zeunerite is named in honour of Gustav Anton 
Zeuner, a distinguished German physicist and 
director of the Mineral School in Freiberg. 


Similar mineral 
Zeunerite is classified as a member of the autunite 
group of minerals. Although zeunerite and autunite 
are closely related and often appear almost identical, 
there are important differences between them. The 
most important of these is chemical: autunite 
contains calcium and phosphorus while zeunerite 
contains copper and arsenic. 

Another difference is fluorescence. When placed 
under an ultraviolet light, specimens of zeunerite 
exhibit no fluorescence, while autunite will emit a 


S copper, 
uranium, arsenic and oxygen, and each molecule is 
hydrated with between 10 and 16 attached molecules 
of water of crystallisation. Crystals conform to the 
tetragonal system of symmetry in which the three 
crystallographic axes are all at right angles to each 
other, but only two are equal in length. 


A Thin, tabular 
crystals of emerald 
green zeunerite from 
Wittichen in the Black 
Forest (Germany). 


4 Olive-green crystals 
of zeunerite from 
Majuba Hill in Pershing 
County, Nevada (USA). 
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4 Olive-green crystals of zeunerite from Pershing 
County, Nevada (USA). 


ORIGINS and DISTRIBUTION &% 


A Zeunerite is a rare secondary mineral which forms 
through the alteration of pre-existent (primary) 
arsenic- and uranium-bearing minerals. It is most 
likely to be found in oxidation zones where it is 
principally associated with autunite and uraninite. 

Zeunerite is found principally in the following 
locations: Bahia (Brazil; Cap Garonne (France); the 
Anton Mine in the Black Forest and the Weisser 
Hirsch Mine, Schneeberg (Germany); and Arizona, 
Nevada and Utah (USA). 


A Bright green zeunerite from Rendena Valley, strong yellowish green fluorescence. Zeunerite is also 
Trentino (Italy). slightly harder and denser than autunite. 


FACT FILE Too rare to be useful 

Zeunerite is a very rare mineral which never forms 
ZEUNERITE in large enough quantities to be worth extracting 
Group: Arsenates on its own account. However, it generally occurs in 
Crystal system: Tetragonal association with other, more abundant, uranium- 
Chemical formula: Cu(U0;)/(As0,);.10-16H,0 bearing minerals and is sometimes mined with them. 
Hardness: 27 
Density: 3.39 


Cleavage: Perfect 


Fracture: Uneven 

Colour: Emerald green, olive green, yellowish green 
Streak: Green 

Lustre: Subvitreous 

Fluorescence: None 


Pakistan is one of 
the ten most densely 
populated nations in 
the world. The 
country occupies an 
area of 803,940 sq. 
km and is bounded 
by the Arabian Sea in 
the south, Iran in the 
west, Afghanistan 

in the northwest and 
north, China in the 
northeast, and India 
in the east. 


raditionally Pakistan has been a poor, 

agricultural country. Its principal food crop is 

wheat and its main cash crop is cotton. Since 
independence in 1947, however, the country's 
manufacturing industry has developed enormously 
and is now almost equal to agriculture as a source of 
income if not of employment. Lahore, the capital of 
Punjab Province, has become a particularly important 
industrial centre in recent years. By 2003, industry 
accounted for about 25 per cent of Pakistan's gross 
domestic product (GDP). 

The mineral resources that have fed this industrial 
development include chromite, gypsum, iron ore, 
rock salt, sulphur and graphite. Many gemstones 
are also found in Pakistan, including amethyst, 
aquamarine, emerald, morganite, peridot, ruby, 
topaz and tourmaline. 


" 
Arabian Sea Karachi 


The land 


The country comprises four main geographical areas: 
the highlands, which border the country in the north 
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and west; the plateau of Baluchistan in the south; the 
desert and barren marshland of the southeast; and the 
valley of the Indus River and its tributaries which 
extend from northeast to southwest along the entire 
length of the country. 

The highlands in the north consist of the western 
Himalayas which include the Hindu Kush, Pamir and 
Karakoram ranges. The highest point in the Hindu 
Kush is Tirch Mir (7695m), while the highest peak in 
Pakistan as a whole is K2 (Mount Godwin-Austen), 
which rises to 8611m in the Karakoram range. It is in 
the highlands that many of Pakistan's gemstones are to 
be found. 

The Indus River enters the country in the east and 
flows southwards for 1600km to the Arabian Sea south 
of Karachi. The valley of the Indus River is the most 
densely populated region of Pakistan. 

In contrast, to the east of the lower Indus valley lies 
a particularly barren region — the Thar Desert, which 
extends from the Sutlej River to the Arabian Sea and is 
very sparsely populated. 


On the mineral trail 


Mineral resources 

Pakistan has large reserves of rock salt and produces 
more than one million tonnes annually. There are also 
substantial reserves of gypsum, of which annual 
production exceeds 350,000 tonnes. Chromite and 
iron ore yield much smaller amounts. The largest 
reserves of iron ore are found in the Punjab, while 
small reserves of high-grade iron ore are found in the 
Chitral and Chilghazi localities of the Northwest 
Frontier Province. 

Among the minerals which occur in small but 
economically significant quantities are chromite 
(mined near Quetta), barite, celestine, antimony, 
aragonite and some radioactive minerals which are 
found in the Dera Ghazi Khan area of the Punjab. 


A The Hunza River valley in the Karakoram Mountain 
range. Many gemstones are found in the mountainous 
areas of Pakistan. 


< An old-fashioned marble quarry in Azaokashmir. 
Marble and many other building materials are 
significant natural resources in Pakistan. 


Natural resources 

The exploitation of gas and oil reserves has gained rapid 
momentum in recent years and the country's expanding 
cement industry has been encouraged by the annual 
production of 8.6 million tonnes of limestone. 

Ever since the main gas field was discovered in 
Baluchistan in 1953, natural gas has been the country's 
most commercially successful natural resource. Since 
then, other lucrative fields have also been found in the 
Punjab and in Sind Province. By 2007, annual gas 
production had reached 30.8 billion cubic metres and a 
vast network of pipelines now links the main fields with 
the principal cities of Karachi, Lahore, Multan, 
Faisalabad and Islamabad. 

Oil was first discovered in the Punjab province. 
There are now seven oilfields in production there and 
by 2007 Pakistan was producing about 24 million 
barrels annually. 


Coal mining 

Coal mining is one of the oldest industries in Pakistan 
and about 3 million tonnes of coal were being produced 
annually by 2000. The quality of the coal is generally 
poor, however, and the mines operate below capacity 
because of lack of demand. 


DISCOVER 


Silicates II 


Here we take a look at some more of the widespread silicate group of minerals. 
Many of them form fine brightly coloured crystals. 


irtually all silicate minerals 
contain a metal or metals 
combined with the silicate 


tetrahedron, which is made up of one 
atom of silicon and four atoms of 
oxygen. The external appearance of 
each silicate mineral is determined by 
how these tetrahedra are linked. 


Cyanite 

Cyanite is a silicate of aluminium with 
the chemical formula Al,SiOs. It is 
commonly blue, but may also be 
white, grey, green, yellow or pink. Its 
hardness registers between 4 and 7 on 
the Mohs Scale, depending on the 
direction in which it is tested. Cyanite 
is occasionally used in jewellery and 
other forms of ornamentation. It 
occurs worldwide. 


Glauconite 

Glauconite is a silicate of potassium, sodium, 

iron, aluminium and magnesium. This mineral is 
usually green in colour, but it may also be bluish or 
yellowish. It occurs as very small, lath-shaped crystals 
which are classified in the monoclinic crystal system. 
Glauconite forms in sediment deposited on the sea 
bed, and is one of the few minerals of sedimentary 
origin that can be used for radiometric dating. It is 
found in many parts of the world where marine 
sandstones occur. 


Glaucophane 

Glaucophane is a commonly occurring blue silicate 
which contains sodium and aluminium together 
with magnesium and iron. Locations where 
glaucophane is found include Greece, Italy, 
Switzerland and the USA. 


Helvite 

Helvite is a silicate of manganese and beryllium. A 
group of closely related minerals including danalite 
and genthelvite is known as the helvite group. The 
name is derived from the Greek helios, meaning ‘Sur’, 
and refers to the vivid yellow colour of many 
specimens. Helvite is found in Brazil; Canada; 
Germany; Norway; Butte, Montana (USA), and 
many other places. 


A Fine colourless crystals of hemimorphite, a hydrated silicate of zinc 
which was also sometimes known as calamine (Cumbria, England). 


Hemimorphite 

When it occurs in large quantities, hemimorphite is 
mined for its zinc, a metallic element which makes up 
more than half of every molecule by weight. Some of 
the finest crystals — which are often blue, white or 
colourless — are found in Cumbria and Derbyshire 
(England), and in Mexico and the USA. 


Hornblende 

Hornblende, a member of the amphibole group, is 

an important rock-forming silicate and is found in 
many igneous rocks including granite. The high grade 
metamorphic rock called amphibolite contains much 


hornblende. This mineral is usually dark coloured, 


black or very dark green and occurs as prismatic crystals 


which are classified in the monoclinic crystal system. 
Hornblende occurs the world over in igneous and 
metamorphic rocks. 


Humite 
Humite belongs to a group which includes the closely 
related chondrodite, clinohumite and norbergite. 


Humite — which may be brown, orange, white or yellow 


— is a silicate of magnesium and iron. Humite also 
contains the hydroxyl radical (chemical formula OH) 
and fluorine. The mineral is found in Finland, Italy, 
Spain, the USA and many other parts of the world. 
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Silicates II 


Idocrase 

Idocrase, also known as vesuvianite, is a silicate 

of calcium, magnesium and aluminium. Usually 
idocrase is green or brownish in colour, but it may 
also be white, yellow, purple or red. Its crystals, which 
are classified in the tetragonal system of symmetry, 
are commonly prismatic or pyramidal. Idocrase 

forms in marble and certain igneous rocks in many 
parts of the world, including Italy, Mexico, Russia, 
Switzerland and the USA. 


4 Ilvaite, a black mineral which often occurs in 
association with magnetite. 


livaite 

Ilvaite is a silicate of iron and calcium. It commonly 
occurs as prismatic crystals with a diamond-shaped 
cross section, but can also be massive and columnar. 
Usually ilvaite is black or very dark brown, and it 
forms in metamorphic rocks and some igneous rocks, 
especially syenite, in many parts of the world. 


Jadeite 

Jadeite is a silicate of sodium and aluminium (chemical 
formula Na(ALFe)Si;O,. Together with nephrite, 
jadeite is the source of jade, a gem material which is 
widely used in beads and ornamental carvings. The 
finest jadeite comes from Myanmar (Burma); it is also 
found in China, Guatemala, Japan, Mexico, New 


Zealand, Tibet and the USA. 


Lazurite 

A silicate of sodium, calcium and aluminium, lazurite 
also contains sulphur and chlorine. It is notable for its 
rich blue colour and is cut and polished as a gemstone, 
when it is called lapis lazuli. Small crystals of pyrite 
often occur within lazurite, enhancing its gem 
appearance. Crystals of lazurite are rare. These are 
classified in the cubic crystal system, and are small 
cubes or octahedra. Lazurite occurs in marble in many 


parts of the world, especially Afghanistan, Argentina, 
Chile, Russia and the USA. 
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A It is most unusual to find perfect blue lazurite crystals 
like these, which came from Afghanistan. 


vm 


4 Blue crystals of cyanite. This mineral has the same 
chemical formula as both andalusite and sillimanite, and 
the three minerals are said to be polymorphous. 


Metallurgy is the science and practice of 
extracting metallic elements from the 
mineral ores that contain them. It is also 
concerned with the purification of these 
metals and the manufacture of alloys. 


etallurgy dates from about 4000 Bc. 

Copper was probably the first 
. metal to have been extracted 
from its ore and the remains of 
ancient copper mines have been 
found in several parts of the 
Middle East. By about 1400 
BC, this new process had led 
to the manufacture of bronze, 
an alloy of copper and tin 
which is less brittle chan 
copper alone. 

Iron started to be used in 
about 3000 Bc in the Middle 
East, from where its use 
spread rapidly across Asia 
and Europe. 


The principles of metallurgy were 
first catalogued in the 16th century 
AD in books by the Italian armament 


A highly magnified image of a thin section of brass, 
an alloy of zinc and copper. 


v Georg Bauer, the author of what are widely regarded 
as the first mineralogical and metallurgical textbooks. 


maker Vannoccio Biringuccio (1480—1539) and 
Georg Bauer (1494—1555), a German scholar and 
scientist, sometimes known as 'the father of 
mineralogy’, who wrote under the 
Latin name of Georgius Agricola. 


The first stage in metallurgy 
is the extraction of the 
metals from their ores: 
this process is known as 
mineral dressing. There 
are many different 
techniques, but the 
commonest and crudest 
methods involve crushing 
and grinding. When the 
rocks have been broken 
down, the ore is then 
sorted either by hand (if 
the metal is recognisable by 
sight) or by a variety of other 
processes including filtration 
and magnetism. 
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Metallurgy 


Once the metals have been extracted from their ores, 
they are then purified. The scientific term for this 
technique is process metallurgy, and it is typically 
carried out in one of two ways. Pyrometallurgy 
involves heating the ores in furnaces: fire burns away 
certain components and either oxidises or reduces 
them to the raw metal. Hydrometallurgy involves 
the extraction of metal by making the ore react 

with a liquid acid or a salt solution. The purified 
metal is then resolidified by another process 

known as precipitation. 

However, these techniques almost never give a 
completely pure metal and further refinement is 
necessary after extraction before the elements are of the 
requisite standard to be used in industrial processes. 


prc 
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Metals are shaped in two main ways. One method, 
known as cold working, involves structural rather 
than chemical change — shaping with abrasives, for 
example. The other important technique, known as 
hot working, involves softening the metal by heat: 
molten metals may then be die-cast, rolled or drawn 
out into the desired form. 


Some metals are used to form an outer layer which 
covers and protects another, underlying metal: nickel 
plating is one of the best-known examples of this 
metallurgical technique. The outer metal coating is 
applied to the core by hot dipping, electroplating or 
cementation, and the general name for all these 
processes is surface treatment. 


Powder metallurgy involves reducing the metal to a 
fine powder which is placed in a die and compressed 
into the required shape. The product is then tightly 
bonded by heating or pressure or both — the scientific 
term for this process is sintering. 


Unrefined ores are brought to plants like this for 
purification (‘mineral dressing’). 


A rolling mill in a steel foundry. Sheets, rods and 
pipes can all be made in rolling mills like this. 
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| GEMSTONES 


Jasper 


Jasper is one of several 
types of chalcedony, which 
is itself a form of quartz. 


asper is composed of silicon dioxide. As it is 
microcrystalline in structure, its crystals cannot 
be seen except with the aid of a high-powered 
microscope. It occurs in veins and rounded 
concretions, which form in a variety of rocks, 
especially sedimentary clays and igneous basalt lavas. 
In clay, concretions are composed of the same 
chemical elements as those in the clay itself, but these 
have accumulated, often around a small rock particle 
or fossil, to make a hard nodular mass. In basalt lava, 
the many gas bubble hollows, which are called 
vesicles, are ideal sites for the growth of minerals 
such as jasper. When the lava is weathered, the 
harder material of the filled-in vesicles (amygdales) 
is left as rounded nodules. 


FACT FILE 
JASPER 


Group: Oxides 

Crystal system: Trigonal 

Chemical formula: SiO; 

Hardness: 67 

Density: 2.6 

Cleavage: None 

Fracture: Conchoidal 

Colour: Red, brown, white, yellow, grey 
Streak: White 

Lustre: Vitreous to waxy 


Sedimentary rock 

Some references classify jasper as 

a sedimentary rock, formed by 
chemical precipitation of silica from 
water which has been chemically 
influenced by volcanic activity. 

This jasper may contain typical 
sedimentary structures such as 
stratification, which is picked out 
by different shades of colour. 


On the ocean floor 
Sedimentary jasper can form at 
great depth on the ocean floor, 
often in association with mid-ocean 
ridge volcanic activity. Veins, which 
are mineral infillings of fractures in 
the rocks of the Earth's crust, may 
contain a variety of minerals 
deposited from fluids seeping into 
them from depth. 


Fluorescence: None 


Gem of many colours 

The colour of jasper is seldom 
uniform throughout a specimen. 
Commonly it varies from brownish 
to brick red, but it may also be 


A Red jasper cut as a cabochon. This 
gemstone has been coloured by 
inclusions of hematite. 


A Siberian jasper with bands 
caused by iron oxides and 
silver impurities. 


white, grey or yellow. Its colour is 
a result of impurities in the form 
of oxides in the porous structure 
of the mineral. Hematite (iron 
oxide) produces the typical red 
colour in jasper. Jasper may also 
contain clay and other finely 
disseminated material. Though it 
is composed of silicon dioxide, 
the same chemistry as quartz, at 
6% on the Mohs Scale of hardness 
it is slightly softer than quartz, 
which scores 7. 


The cut 

Many specimens of jasper have 
distinctive bands running through 
them. Such pieces are known as 
‘ribbon jaspers and are widely 
used in carvings as well as in two 
forms of brooch: those with raised 
designs called cameos and those 
with concave designs, which are 


called intaglios. 
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AY The photographs on this page show two pieces of 
red jasper from South Africa. 


Some jasper is cut in smooth, domed shapes 
called cabochons to highlight its fascinating 
patterns. Jasper is typically used to make sculptures, 
mosaics, pots, ornamental boxes and chess pieces. 


Touchstone 

Black jasper has been used for thousands of years as 
a touchstone to test the amount of gold in various 
alloys. The test involves rubbing the specimen along 
the jasper. The colour of the streak thus revealed can 
be used to calculate to within one per cent the 
amount of pure gold the alloy contains. 


Close-knit family 

Jasper is composed of exactly the same chemical 
elements — silicon and oxygen — as agate, carnelian, 
chrysoprase and sard, and all these are varieties of 
chalcedony. The name jasper can be traced back 
from English to the Greek name ;aspis. 


Jasper forms iri veins and rounded concretions. It can 
occur as a chemically formed sedimentary rock — 
associated with ocean floor volcanic activity. Some 
jasper is also found in metamorphic rocks, where heat 
and/or pressure have altered pre-existing rocks. 

Red jasper is found in many parts of the world, but 
the finest specimens come from India and Venezuela. 
California, USA, has 'orbicular' jasper, a beautiful 
variety in which white eye-shaped patterns are set in 
a red surround. Banded ‘ribbon’ jasper occurs in 
France, Germany and Russia. 

Among the many other countries in which 
significant quantities of jasper have been discovered 
are Cyprus, Egypt, Italy, Scotland P. dup qus 


Jasper is a member of the oxide group of minerals. In 
the past some authorities have wrongly placed jasper 
and other types of quartz in the silicate group. 

Jasper is a hard mineral, registering 67 on the Mohs 
Scale - it can scratch glass, steel, copper and many 
other common substances without any difficulty. It is 
compact and resilient, and can be polished vigorously 
without damage. Its density of 2.6 is very slightly less 
than that of quartz. When broken, like other forms of 
silica, it has a conchoidal fracture with sharp edges. 

If a specimen of jasper is reduced to powder, it will 
prove to be all white. Jasper has a porous structure 
which allows the entry of impurities, and it is these 
that give the gemstone its range of colours. 

The sheen (lustre) of jasper is usually glassy 
(vitreous) but may sometimes be waxy. 


Crystals of annabergite are rare. 
The mineral commonly occurs 


as a powdery coating on 
other minerals and on rocks. 


A Green crystals of annabergite from Laurion (Greece). 


nnabergite is typically green but some 

specimens may be grey, white or yellow- 

green. Although it had been observed for 
many years as a surface covering on large deposits of 
nickel, it was first confirmed as a distinct mineral in 
1852. It is named after its classic source (type 
locality) at Annaberg in Saxony (Germany). 

Annabergite is almost never found in 

economically viable quantities, and is only of 
interest to mineral collectors and scientists. 


Related minerals 

Annabergite is closely related to the brightly 
coloured erythrite (a hydrated arsenate of cobalt) 
and vivianite (a hydrated phosphate of iron). 
Another mineral, cabrerite — named after the 
Sierra Cabrera in Spain — contains all the same 
chemical elements as annabergite together with 
the metal magnesium. 


The associated minerals are white calcite and brown limonite. 


-— T T — 
ACTERISTICS 
Annabergite is a member of the arsenate group of 
minerals. Each molecule is composed of three atoms 
of nickel, two atoms of arsenic and eight atoms of 
oxygen. In addition, the mineral is hydrated and has 
eight attached molecules of water of crystallisation. 
Crystals of annabergite conform to the 
monoclinic system of symmetry in which no 
crystallographic axis is the same length as either of 
the others. Annabergite commonly occurs as crusts 
or powdery coatings. 


H 


Nickel bloom 

Annabergite has also been known as nickel bloom — 
this is a reference to its main metallic element and to 
the way it often forms as powdery coatings on the 
surface of other minerals and rocks. 


Rare mineral 


A Green crystals of annabergite in a rock hollow. 
This mineral forms in the upper alteration zones of 
more substantial nickel deposits. 
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ANNABERGITE 


Group: Arsenates 


Crystal system: Monoclinic 


Chemical formula: Ni;(AsO,)2.8H,0 


Hardness: 14-24 


Density: 3.07 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, grey, white, yellow-green 


Streak: Pale green 


Lustre: Vitreous or earthy 


Fluorescence: None 


Crystals are rare, but when they occur they are 
prismatic in habit and frequently have striations 
(parallel grooves) on the faces. 


Tests and treatment 

Annabergite is a hydrated mineral — when it is 
heated in a closed test tube its water is expelled 
and becomes visible on the inside of the glass. 
Annabergite is very soft, registering only 14-2 on 
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—Annabergite is a rare secondary mineral which forms 
in the oxidation zones of nickel-bearing ore deposits. 
It occurs typically in crusts on the surface of nickel 
minerals, especially chloanthite (nickel arsenide). 

The best-known source of annabergite is near 
the type locality at Annaberg, Saxony (Germany), but 
it has also been found in the following locations: 
Cobalt, Ontario (Canada); Allemont (France); Laurion 
(Greece); Valsassina near Como and Gonnosfanadiga, 
Sardinia (Italy); Sierra Cabrera (Spain); California and 
Nevada (USA). 


A A radiating aggregate of bright green annabergite 
crystals. Specimens like this should be left as they are - 
removing them from the rock would cause damage. 


the Mohs Scale of hardness, and may be scratched 
with a fingernail. Specimens should be cleaned only 
with distilled water — ordinary tap water should not 
be used because it contains impurities which may 
damage the crystal surfaces. 


Diaspore 


rock bauxite. 


iaspore may be brown, green, grey, pink, 

purple, white, yellow or colourless. Its name is 

derived from the Greek diaspeirein, meaning 
‘to scatter’: this is a reference to the way the mineral 
fragments when heated under a blowpipe. 

Diaspore is closely related to boehmite. Both 
minerals have the same chemical formula and crystal 
system. The essential differences between the two are 
their crystal habit — boehmite has microscopic crystals 
— and their hardness — diaspore scores 6/—7 on the 
Mohs Scale, while boehmite registers only 3. 


Diaspore is one of the most important 
constituents of the aluminium-rich 


DIASPORE 


Group: Hydroxides 


A Diaspore from 
Fetiya (Turkey). 
Note the pearly 
sheen (lustre) along 
the cleavage 
surfaces. 


Crystal system: Orthorhombic 
Chemical formula: AIO(0H) 
Hardness: 6/—7 

Density: 3.3-3.5 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Brown, green, grey, pink, 
purple, white, yellow, colourless 
Streak: White 


Lustre: Vitreous; pearly on the 
cleavage surfaces 


v 4 Radiating crystals 
of diaspore growing 
on limonite 
(Germany). 


Fluorescence: None 
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'" Most diaspore is found in bauxite, a sedimentary 
deposit formed through the weathering and decay of 
rocks that contain aluminium silicates. Diaspore also 
occurs in chlorite schists and in emery deposits, 
where it may be closely associated with corundum. 

Diaspore is found in the following locations 


worldwide: Naxos (Greece); Foggia (Italy); Mramorskoi 
in the Ural Mountains (Russia); Postmasburg (South 
Africa); Campolongo, St Gotthard (Switzerland); 
Mugla (Turkey); Chester and Springfield, 
Massachusetts (USA). 
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A Diaspore with a glassy sheen (vitreous lustre). The pearly areas are 
the surfaces along which the mineral cleaved when broken. 


Uses of aluminium 

Together with boehmite and gibbsite, diaspore is 

one of the main minerals that combine to make 
bauxite, the world's principal source of aluminium. 
This valuable metal — which is very light and resis 

to corrosion — has a wide range of industrial uses, 
especially when combined with other metals, such as 
copper, magnesium, manganese and zinc. Aluminium- 
based alloys are used in the construction of aircraft, 
motor vehicles and overhead power cables. 


Tests and treatment 

E re is insoluble, even in concentrated acids. 
Although it will not melt (is infusible) in an open 
flame, it will give off a distinctive crackling sound 
(decrepitation) when heated with a blowpipe, which 
increases the supply of oxygen to the flame. 


CHARACTERISTICS ^ | 


Diaspore is a member of the 
hydroxide group of minerals. 
Each molecule is composed of 
one atom of aluminium, one 
atom of oxygen and one 
hydroxyl radical (Formula OH). 

Crystals of diaspore conform 
to the orthorhombic system of 
symmetry in which the three 
crystallographic axes are 
unequal in length but are all at 
right angles to each other. They 
often occur as plates, as well as 
in needle-like (acicular) and flat, 
tabular shapes. 

Diaspore may be scattered 
(disseminated) in rocks and 
sometimes takes the form of 
stalactites. Shapeless specimens 
(massive habit) are common. 


A A crystal of diaspore 
showing clearly the planes 
of cleavage and fracture 
along which it will break up. 


4 Crystals of purple 
diaspore on emery 
(an impure variety of 
corundum). 


The richest deposits of 

this evaporite mineral 

are sometimes extracted 
commercially to obtain sodium. 


rona is a glassy mineral which is 

generally pale brown, greyish, white 

or yellow; some specimens are 
completely colourless. Its name is derived 
from natrun, the Arabic word for ‘salt’. 

Trona is a typical evaporite mineral 

which is found mainly in arid regions, where 
it is associated with other evaporite minerals 
such as borax (hydrated sodium borate), 
gypsum (hydrated calcium sulphate) and 
halite (sodium chloride). 


Uses 

Trona forms mainly on or close to the surface of 

the Earth and is thus relatively easy to extract. The 
most extensive deposits are mined for their sodium. 
This highly reactive metal — most of which is extracted 
from chloride in sea water and the mineral halite — has 
a wide range of uses, particularly as a coolant in 
nuclear reactors. 
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A A specimen of trona that has formed into tightly 
packed towers of crystals (columnar habit). This 
attractive specimen was found at Dasht-e-Kavir (Iran). 


v This translucent specimen of trona is 
made up of innumerable tiny prismatic 
crystals with a markedly glassy sheen 
(vitreous lustre). 
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Trona occurs either as an evaporite deposit in 
saltwater lakes or as a thin, powdery surface layer 
(efflorescence) in desert regions. 

Among the main minerals with which trona 
is associated are borax, dolomite, glauberite, 
gypsum, halite and sylvite. 

One of the world's finest and most 
economically significant deposits of 
trona is found along the shores of Lake 
Magadi (Kenya). Elsewhere, there are 
notable occurrences of trona in Egypt, 

Iran, Libya, Mongolia, Tibet and 
Venezuela, as well as in various parts 
of the USA, particularly around Borax 
(California), Soda Lake (Nevada) and 
western Wyoming. 


TRONA 


Group: Carbonates 

Crystal system: Monoclinic 

Chemical formula: Na3H(C0;);.2H;0 

Hardness: 2-3 

Density: 2.1 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Pale brown, greyish, white, yellow, colourless 
Streak: White 

Lustre: Vitreous 


Fluorescence: None 


Type locality 
Although trona is found in many parts of the 
world, it was first identified from a deposit in 
Sweetwater County, Wyoming (USA). 
This is the mineral’s type locality. 


Tests 
Trona dissolves in 
hydrochloric acid with 
an effervescent fizz. 
When it is heated 
in a closed test 
tube, it gives 
off water and 
then carbon 
dioxide. 
; If placed in 
; aflame, trona 
colours the flame 
yellow because 
of the sodium 
it contains. 


4 A typical specimen 
of trona. Note the 
glassy sheen 
(vitreous lustre). 


CHARACTERISTICS 


Trona is a member of the 
carbonate group of minerals. 
It is a carbonate of sodium and 
also contains hydrogen plus 
two attached molecules of 
water of crystallisation. 

Crystals of trona conform 
to the monoclinic system of 
symmetry in which no 
crystallographic axis is the 
same length as any other. They 
form in prismatic, tabular or 
columnar shapes. 


4 A flat gravel desert with 
well-defined polygons of trona. 
These have formed through the 
evaporation of mineral-rich waters 
which originated underground 

but have been forced to the 
surface through slender, hair-like 
bore tubes known as capillaries 
(Dasht-e-Kavir, Iran). 


On the mineral 
trail: Argentina 


Argentina is an independent republic 
which occupies most of the southern half 
of the South American continent to the 
east of the Andes. 

The country is almost 

triangular in shape, 

with the narrowest 

part at Punta 

Dungeness at the 

southeastern extremity of the 
continental mainland. Argentina extends 
for about 3700km from north to south 
and at its widest point stretches for 
about 1384km from east to west. 


rgentina is bounded in the north and northeast 
Ae Bolivia, Paraguay and Brazil; in the east by 
Uruguay and the South Atlantic Ocean; in 
the south by the Antarctic Ocean and by Chile; and 
in the west by Chile. With an area of approximately 
2,780,000 sq. km, Argentina is the largest country in 
South America after Brazil. 


The lie of the land 

Argentina is a country of widely contrasting landscapes 
which include mountains, upland areas and extensive 
plains. The plains range from the northern scrub and 
tropical grasslands of the Gran Chaco to the 


A The lack of vegetation in the Sierra Grande makes it 
easier to see the underlying rock strata. 
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subtropical pampas and temperate grasslands of the 
Patagonian plateau. 

There are four main regions: the Andes Mountains; 
the northern plains, including the Gran Chaco and 
Mesopotamia; the pampas or treeless plains east of the 


GROUNDWORK 


Andes; and Patagonia — steppe lands to the south of 
the Rio Colorado. 

The Andes in Argentina comprise a massive system 
of mountain ranges along the western side of the 
country. The highest mountains lie in the north and 
include Mount Aconcagua (6959m). 


Alluvial lowland 
Between the Andes and the Rio Paraná in the north lie 
the northern plains, a region called the Gran Chaco. 
This is a vast alluvial lowland covered by large areas of 
hardened clays which prevent effective drainage and 
cause serious flooding. 

Patagonia lies to the south of the Rio Colorado. 
It is a windswept plateau region extending from the 
Atlantic coast to the foothills of the southern Andes. 
The plateau comprises mostly dark-coloured lavas and 
deep canyons that cross from west to east. 


Mineral resources 

Argentina is extremely rich in mineral resources 
although many have yet to be fully exploited. Several 
valuable minerals are found throughout the country, 
including copper, iron ore, lead and silver. 

There are rich reserves of many other minerals, 
including gold, mica and tantalite and ores of tin and 
zinc. These are all mined mainly in the northern 
provinces. Also found are minerals containing 
beryllium, bismuth, cobalt, manganese, tungsten, 
uranium and vanadium. 

Other natural resources such as asphalt, limestone, 
rock salt (halite) and sulphur are produced for local 
consumption. 

The iron ore deposits of Sierra de Zapla in the 
northwestern province of Jujuy are low in iron content 
but provide the raw materials for the local steelworks. 
The largest reserves of iron ore are located in the Sierra 
Grande in Rio Negro province. 


<4 Exposed rock strata 
in Mendoza Province. 


Y Pithead buildings 
at Yacimiento, near 
Santa Cruz. It is 

the world's most 
southerly coal mine. 


The oil industry 

Oil from the Andean and Patagonian regions is 

of major importance to the national economy. 

In 2005, Argentina had oil reserves of 2.6 billion 
barrels, and was producing about 800,000 barrels 

a day. The main oil fields are found in the Patagonian 
provinces of Chubot and Santa Cruz, around 
Comodoro Rivadavia, and in Mendoza, Neuquen, 

Rio Negro and Salta. There is an important oil refinery 
at San Lorenzo. 


Gas and coal 

The Argentine natural gas industry is the most highly 
developed in South America. There are gas fields in 
each of the northern, western and southern provinces, 
and an extensive pipeline links them with the capital, 
Buenos Aires, and the important industrial centres of 
Rosario and Santa Fe. 

The largest coal deposits are found in the 
Patagonian province of Santa Cruz, although these are 
so far from the main industrial centres that they are of 
little economic value. Other deposits are located in the 
provinces of Jujuy, La Rioja, Mendoza and San Juan. 


Silicates III 


Here we conclude our look at some of the most widespread 
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minerals in the silicate group. 


Phenakite 

Phenakite is a silicate 

of beryllium with the 
chemical formula 

Be,SiO,. Crystals are 

often colourless, although 
brown, pink and yellow 
specimens are also found. 
The name phenakite comes 
from the Greek phenax, 
meaning ‘cheat’ or 
‘deceiver’, because the 
mineral may be mistaken 
for quartz. Some specimens 
are cut and polished as 
gemstones. This mineral is found in Brazil, France, 
Mexico, Norway, Russia, Sri Lanka, Switzerland, the 
USA and many other parts of the world. 


Phlogopite 

Although phlogopite is usually brown (it is commonly 
known as ‘brown mica), it may also be greenish, 
reddish, white, yellowish or colourless. Some of the 
finest crystals display a twinkling, star-like effect called 
asterism. Chemically, phlogopite is a hydrous silicate 
of potassium, magnesium and aluminium. It forms a 
solid solution series with biotite, a silicate of potassium 
which also contains the metals magnesium, aluminium 
and iron. Phlogopite occurs chiefly in marble. 


4 White crystals of 
phenakite. 


Spodumene 
Spodumene is an 
important industrial 
source of the metal 
lithium. Although it is 
basically a colourless 
mineral, emerald green 
and pink varieties do 
occur: these are often 
gem-quality and are 
known respectively as 
hiddenite and kunzite. 
Spodumene is found in Afghanistan, Brazil, Canada, 
Italy, Madagascar, Pakistan, Russia, Scotland, the 
USA and elsewhere. 


Topaz 

Topaz is an aluminium and fluorine silicate which is 
highly valued as a gemstone. It is often found in the 
form of pebbles which have been smoothed by the 
prolonged action of water and may exhibit a wide 
range of colours, the most valuable specimens being 
yellow and pink. Naturally occurring pink topaz, 
however, is rare: most such specimens are in fact 
heat-treated (irradiated) colourless topaz. Blue topaz, 
which is also frequently the product of irradiation, 
may be virtually indistinguishable from aquamarine 
(the precious, blue form of beryl). The finest topaz 
comes from Brazil, Germany, Japan, Mexico, 
Pakistan, Russia and the USA. Fine specimens have 
also been found in the British Isles, notably in the 


Central Highlands of Scotland. 


Tourmaline 

Tourmaline is a very complex silicate of boron which 
also contains the metallic elements sodium, calcium, 
lithium, magnesium, iron and aluminium. The 
proportions of these elements may vary from 
specimen to specimen and affect the colour of the 
mineral. Tourmaline with a high concentration of 
iron is black, and is known as schorl; dravite is a 
brown variety of tourmaline which is rich in 


< Flat, plate-like crystals of phlogopite (England). 
This mineral is similar to biotite and the two minerals 
form a solid solution series. 
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magnesium. Other forms A Although most topaz becomes blue only after heat treatment, the colour of this 

include indicolite (blue fine specimen is entirely natural (Virgem do Lapa, Brazil). e^ 
tourmaline), rubellite D 
(pink or red), achroite 
(colourless) and the so- 
called watermelon 
tourmaline, which is pink 
at one end of the crystal 
and green at the other. 
Sources of gem-quality 
tourmaline include 
Australia, Austria, Brazil, 
Canada, Madagascar, 
Mexico, Myanmar 
(Burma), South Africa, 
Sri Lanka and the USA. 


Zoisite 

Zoisite is a hydrous 
silicate of calcium and 
aluminium which is 
usually brown, green, grey 
or white. A pink variety is 
called thulite, and the 
violet-blue variety, 
tanzanite, is widely used 
as a gemstone. Zoisite is 
found in Austria, Finland, 
Germany, Greenland, 
Italy, Mexico, Scotland, A A crystal of watermelon tourmaline with quartz. Note the clearly defined, 
Switzerland, Tanzania and banded zones of pink and green. This specimen was found at Mesa Grande, near 
the USA. San Diego, California (USA). 
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Abrasives 


ww 


An abrasive is any solid, granulated or 
powdered substance used to grind 

or polish materials softer than itself. 
Although diamond is the most powerful 
natural abrasive, some modern artificial 
compounds are even harder. 


he use of abrasives dates from prehistoric times, 


when stone tools and weapons were shaped by 

rubbing them against harder stones. Drawings 
in ancient Egyptian tombs show jewellery and vases 
being polished with abrasives. Later, craftsmen used 
natural abrasive stones which had been shaped into 
wheels or blocks to increase their efficiency. These 
implements — known as grindstones or whetstones — 
were used in many parts of the ancient world to 
sharpen axes, knives, scythes and woodworking tools. 

In principle, any mineral may act as an abrasive on 

any other material with an equal or inferior hardness. 
In practice, the most common naturally occurring 
mineral abrasives are emery, garnet and granular 
quartz. Pumice, a rock, is also used as an abrasive. 


Hand-grinding high spots on a mirror blank. The grid 
projected onto the surface of the mirror shows the 
craftsman exactly where to polish. 


The surface of a sheet of coarse sandpaper, 
greatly magnified to show the tiny grains that give it 
its roughness. 


Emery is a granular form of corundum (aluminium 
oxide); tiny grains of this mineral are typically glued 
onto pieces of thin card to make sandpaper. 
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Abrasives 


The garnets are a group of aluminium silicates that 
score between 6 and 7% on the Mohs Scale of hardness. 
They are sometimes used in tumbling — a process by 
which gemstones are smoothed and polished by rolling 
for long periods in electrically driven barrels. 


Pumice is a hardened frothy lava. It has a wide range of 


practical applications, most notably as a device for 
removing hardened skin, but is also a component of 
many soaps and some dental pastes. 


Granular quartz (silicon dioxide) commonly occurs 
in the form of sand; this is used in sandblasting, an 
industrial process in which a jet of sand or grit is 
blown under air or steam pressure to clean stone, 
metal and other materials. Quartz used in this process 
is often mixed with air, oil or water to form a mixture 
known as a suspension. 


The abrasives mentioned above are all useful, but their 
effectiveness is ultimately restricted by their own 


The tip of a dentist's drill, magnified many times to 
show the diamond particles encrusted on its surface. 


An industrial diamond drill used for grinding and 
polishing. The diamonds on the cutting edge have been 
electroplated to the tip. 


hardness — no material can abrade a substance harder 
than itself. However, such limitations do not apply to 
diamond, the hardest naturally occurring substance 
(scoring 10 on the Mohs Scale). This form of 
elemental carbon is w idely used to grind many 
materials, including other di amonds. Only diamonds 
that are not of high enough quality to be cut as 
gemstones are used as abrasiv es; these are known as 


industrial diamonds or borts. 


Many of the abrasives in common use today are man- 
made but derived from mineralogical materials: steel 
wool is one of the best-known examples of this type. 
In the 20th century, chien] advances 
enabled scientists to develop a wide range of synthetic 
abrasives which are even harder than naturally 
occurring diamond. The most important of these 
are silicon carbide (generally known by its trade name, 
Carborundum), synthetic diamond and artificial 
alumina (aluminium oxide). Alumina is often used to 
shape brooches with raised delis called cameos. 


Some gemstones and optical lenses are ground into the 
required shape on rotating discs covered with finely 
granulated abrasives, typically Carborundum or emery: 
the technical term for this treatment is lapping. Some 
abrasive materials may be used as binding agents to 
give body to cement. 
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GEMSTON 


Lapis lazu 


Lapis lazuli is an ornamental rock. 

It is a combination of lazurite 

and other minerals, and was 
used to decorate the tomb of the Egyptian 
king Tutankhamen. 


intensity of its colour varies from region to region, 
the deepest blue coming from Afghanistan. 
The name lapis lazuli comes from /apis, the Latin 
word for ‘stone’, and ‘lazuli’ from the Arabic word 
lazhward meaning ‘blue’. 

Lapis lazuli has been known for thousands of years — 
when the treasures of the Egyptian king Tutankhamen 
(who ruled in about 1350 BC) were discovered in 1922 
by British explorers, the royal tomb was found to be 
decorated with lapis lazuli. 


apis lazuli is a predominantly blue rock. The 


FACT FILE 
Varied make-up 
Lapis lazuli is a rock made up of LAPIS LAZULI 
several different minerals. Although Type: Metamorphic rock 
its composition varies from location Essential component: Lazurite 


to location, the one mineral it Secondary components: Pyrite, calcite 


always includes is lazurite, a Colour: Blue 
member of the silicate group. Texture: Crystalline 
This essential component may be Grain size: Coarse 
accompanied by other minerals such | Density: 2.7-3.0 

as hauyne and sodalite. 
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* Blue lazurite 
inclusions on a 
volcanic rock 
from Lazio, near 
Rome in Italy. 


Lapis lazuli is usually found 
flecked with pyrite and it also 
contains calcite. 


The cut 


Lapis lazuli has been exceptionally 
popular as a decorative gemstone 


Y A yellow rock with a 
covering of blue lapis 
lazuli on the surface. 


A A fine example of the goldsmith's 
art from 15th-century Italy. The 
pitcher is made of gold and lapis 
lazuli and covered with an enamel 
glaze (Museo degli Argenti, 
Florence). 


for thousands of years. It is often cut 
as cabochons and used to make 
carvings and beads. 

However, the problem with lapis 
lazuli is that it is very difficult to 
cut. This is partly because it is porous, but mainly 
because of its varying constituents, each of which 
has different physical qualities, like fracture and 
cleavage. This means that the craftsmen working 
on it have to proceed very slowly to avoid damaging 
the gemstone. 

Among the most famous ornaments that have 
been made from lapis lazuli are the great salt cellar 
that forms part of the Louis XIV collection in the 
Louvre in Paris (France), and some Medici engraved 
goblets that are displayed in the Uffizi Museum in 
Florence (Italy). 


ORIGINS and DISTRIBUTION (€ aò 
The bluest and best lapis lazuli occurs in the Kokcha 
River valley in Afghanistan. It was here that the 
gemstone was first discovered. 

Pale blue lapis lazuli occurs around Lake Baikal in 
Russia, and in the Andes Mountains in Chile. Among 
other sources of lapis lazuli are San Bernardino 
County in California, USA, where finds tend to be dark 
blue in colour, and Canada, where the lapis lazuli is 
generally of a lighter blue. 

Smaller occurrences of the beautiful lapis lazuli 
gemstone are found in the volcanic rocks that 
surround Mount Vesuvius, south of Naples in Italy, 
and in Angola, Myanmar and Pakistan. 


CHARACTERISTICS 


All lapis lazuli contains the mineral lazurite, which 
is a silicate of the metallic elements sodium, calcium 
and aluminium. 

Lazurite crystallises in the cubic system, in which 
the three crystallographic axes are the same length 
and are at right angles to each other. However, 
crystals of lazurite are rare and it is more often 
found as specimens with no particular shape - this 
is known as massive habit. 

Lazurite is blue. It is translucent and has uneven 9 
fracture. It is similar in general composition to 
hauyne, nosean and sodalite. 

Polished lapis lazuli gemstones have a very 
attractive, bright, sparkly appearance. 


4 A lapis lazuli gemstone cut 
as a polished dome-shaped 
cabochon. 


Imitations 

Lapis lazuli is sometimes 
imitated using less valuable 
stained chalcedony and glass 
with inclusions. A special form of 
imitation lapis lazuli is produced 
by Pierre Gilson of France and 
these products are very similar 
in composition to the natural gemstone. Other 
imitations include the so-called “German lapis’ 

and ‘Swiss lapis’, which are in fact agate and jasper 
with blue colouring that has been added artificially. 
Magnesite and howlite are among the other cheaper 
and more readily accessible minerals that are used to 


imitate genuine lapis lazuli. 9 


Local variants 

The best quality lapis lazuli comes from Afghanistan 
and Chile. Lapis lazuli from the USA is dark blue, 
while Canadian lapis lazuli is light blue. 


Aegirine is a clinopyroxene, 


minerals. It is sometimes known 
as acmite. 


egirine is commonly dark green but may 

also be black, greenish black or reddish 

brown. It is named after Aegir, the Norse god 
of the sea, because of its sea-like colour and because 
the first specimens to be described and analysed 
came from Norway. 

The chemical make-up of clinopyroxenes — 
of which aegirine is an important example — is 
similar to that of pyroxenes. The key difference 
between the two types is crystallographical: 
pyroxenes are orthorhombic, while clinopyroxenes 
conform to the monoclinic system of symmetry. 

Like many clinopyroxenes, aegirine occurs mainly 
in igneous rocks which have formed by the cooling 
of magma deep underground, and also in some 
metamorphic rocks (rocks that have been altered 
from their original form by temperature and/or 
pressure changes). 

The mineral is disseminated throughout these 
rocks as small dark crystals which may give a rock 
like granodiorite a speckled appearance. Also in such 
rocks are plagioclase feldspars, quartz, biotite mica 
and amphibole minerals such as hornblende. 


one of a large group of rock-forming 
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> Along dark crystal of 
aegirine forming a cross 
with a transparent crystal 
of quartz (silicon dioxide). 
This combination of 
minerals was discovered 
in Malawi. 


Y 4 Granodiorite - an 
intermediate igneous rock 
containing aegirine. 


te group of 
minerals. Each molecule contains one atom of 
sodium, one atom of iron, two atoms of silicon and 
Six atoms of oxygen. 

Crystals of aegirine conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
occur as elongated prisms with grooves (striations) 
running along their surfaces. Many share one of their 
surfaces with another crystal of the same type - this 
phenomenon is known as twinning. 

Despite its dark green or blackish colour, aegirine 
Will reveal a pale yellowish grey streak when rubbed 
along a piece of white, unglazed porcelain - this is 
the colour that all specimens would be if they were 
reduced to powder. 


Widespread mineral 


Aegirine fuses (melts) easily when held in an open 
flame, colouring the flame yellow because of the 
sodium it contains. It is virtually insoluble in acids. 
Registering 6 on the Mohs Scale of hardness, aegirine 
is a relatively hard mineral and cannot be marked by 
a steel knife blade. Its density of 3.5 to 3.6 is slightly 
higher than average. 


AEGIRINE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: NaFeSi;0; 
Hardness: 6 

Density: 3.5-3.6 

Cleavage: Good 


Fracture: Uneven 


Colour: Green, black, greenish 
black, reddish brown 


Streak: Pale yellowish grey 
Lustre: Vitreous 


Fluorescence: None 


» Crystals of aegirine 
showing clearly the typical 
grooves (striations) along the 
mineral surface. 


granodiorites, syenites and pegmatites. It may also 
be found in some metamorphic rocks. 

The classic source (type locality) of this mineral is 
at Skaadoe, Brevig (Norway). Aegirine has also been 
found in many other locations, including Mont Saint 
Hilaire, Quebec (Canada); Greenland; India; Kenya; 
Nigeria; the Kola Peninsula (Russia); near Tongue 
(Scotland); and Magnet Cove, Arkansas and Libby, 
Montana (USA). 


< A long, prismatic crystal of black aegirine 
with clearly defined grooves (striations) 
running the length of its surface. 


A Fine prismatic crystals 
of aegirine on syenite (Malawi). 


| Aegirine occurs in sodium-rich igneous rocks such as 


oral 


T limestone 


“8 Coral limestone is a 

== sedimentary rock 

that contains the well- 
preserved fossilised remains of coral 
and other marine organisms. 


oral limestone may be greyish (the 

e colour), brownish, pinkish 

qun or yellowish. 

e The surface of coral limestone often 
ee reveals the fossilised remains of sea creatures 

in readily recognisable forms. Although these 
fossils are clearly visible, they may be very 
difficult to extract. 


Abundant shellfish 

As the rock’s name suggests, these fossils are 
predominantly various species of coral, but there 
may also be shellfish, such as bivalves, brachiopods, 
cephalopods, gastropods and trilobites, as well 

as bryozoans. 

The presence of these fossils provides important 
information about the chemical and physical 
conditions in which the rock was formed. 

These fossils are bound together by a cement 
made mainly of calcite (calcium carbonate) in a fine- 
grained base (matrix) of solidified, lime-rich mud. 
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CORAL LIMESTONE 


Type: Sedimentary rock 


Essential components: Fossilised coral, calcite 


Secondary components: Clay, quartz and fossilised shellfish 
Colour: Greyish, brownish, pinkish, yellowish 


Texture: Small, angular particles interspersed with large fragments 


Structure: Well-bedded 


Grain: Fine to coarse-grained 
Density: 2.6 
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A Coral limestone containing fossils of the genus 
Halysites (Wenlock Edge, Shropshire, England). 
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= Coral limestone forms in sea water (marine 
Aürontifnts and is particularly associated with 
areas close to the coast (continental shelves) rather 
than with deeper, oceanic waters far away from 
land. It is of particular scientific interest because it 
gives a very good indication of the nature of past 
environments - most corals can live only in warm, 
sunlit, clean sea water, and the presence of their 
fossils in a rock suggests that the formation must 
have originated in tropical or sub-tropical waters. 

Despite their watery origins, many coral di. 
limestones today are found long distances inland, 
having been moved there by continental drift. Some 
of the most striking examples tow be seen in the 
following locations worldwide: the Pas de Calais - 
(France), northern India, Norway, S andy. 4 
P PAi mestres In England, there are notable 


coral limestones in Cumbria, Derbyshire, Dorset 
Shropshire, Somerset and Yorkshire. 


Sedimentary rock 


A Cliffs containing large deposits of coral limestone 
which were formed originally in tropical seas and 
brought to their present location by continental drift 
(the Pennines, Malham, Yorkshire, England). 


Ornamental use 

The finest specimens of coral limestone are extremely 
beautiful — they are often polished into ornamental 
slabs and are sometimes used for table tops and 
smaller items such as ornamental bowls. 


The essential components of coral limestone are 
the fossilised remains of coral itself (Anthozoa) and 
calcite (calcium carbonate). 

Among the most important accessories that may 
occur in this sedimentary rock are tightly compacted 
clays, quartz (silicon dioxide) and the fossilised 
remains of various species of marine shellfish. 

Coral limestone may be bedded, with the bedding 
planes forming between 
mounds of coral which 
may have been small 
reefs in ancient seas. 
Other coral limestones 
are unbedded and occur 
simply as large reef 
mounds with fossils of 
corals and other marine 
organisms holding the 
mass of consolidated 
lime mud together. 
When weathering attacks 
the limestone, the coral 
mounds may be left 
upstanding. 


4 The surface of 
coral limestone in 
close-up. 
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On the mineral trail: 
New Zealand 


New Zealand lies in the South Pacific 
Ocean about 1930km southeast of 
Australia, from which it is separated by 
the Tasman Sea. The 
main islands are North 
Island, South Island 
and Stewart Island. 
Away from these main 
land masses (and off 


Tasman Sea 


the map) are the Chatham Islands, the 
Auckland Islands and several other small 
islands. New Zealand occupies a total 
area of 268,112 sq. km. 


inerals are found throughout New Zealand. 

These include gold, silver, tin ore, tungsten 

ore, bentonite, dolomite and magnesite. 
Small deposits of uranium and thorium ores have also 
been found in isolated boulders. 


NORTH ISLAND 


Pacific Ocean 


Invercargi 
Major mineral 


» STEWART ISLAND deposits 


The land 

New Zealand is a mountainous country. Two thirds 
of its area is between 200m and 1070m above sea 
level and there are more than 220 mountains over 
2000m high. 

The Canterbury Plains on the east coast of 
South Island are the country’s largest lowland area, 
being approximately 320km long and 64km wide. 
This region is made of thick gravel covered with 
fine-grained sands and clays. They are drained by 
rivers, including the country’s longest, the River 


Clutha (322km). 


< Eroded limestone and mudstone at Dolomite Point on 
the west coast of South Island. The fluted vertical 
columns are known as 'karrens'. 


New Zealand 


On the mineral tra 


Over 60 per cent of North Island is mountainous or 
hilly. The mountain system of South Island continues 


across the Cook Strait and extends into the Tararua, 


Ruahine, Kaimanawa and Huiarau ranges. The highest 


peak in these ranges is Mount Makorako (1737m). 


To the north and west of the Kaimanawa range are 


plateaux covered with volcanic ash, lava and pumice 
stone. Here three volcanic peaks stand out — while 
particularly dominant to the south of the plateaux is 
Mount Egmont, which rises to 2518m. 

Around Rotorua and Wairakei there are several 
mineral-based hot springs, geysers and mud baths. A 
special feature of the western shores of Lake Taupo is 
the impressive sight of regular columns which were 
formed by rapidly cooling ignimbrite. 


Gold and jade 


was revived in the 1980s. 


is jade. The term jade may be used to describe either 
jadeite or nephrite, two similar-looking minerals. 


Gold was first discovered in 1853 at Coromandel and 
later on South Island. After a quiet period, gold mining 


One of New Zealand’s most well-known gemstones 


A A view of Rees River, near Lake Wakatipu on the 
South Island. 


4 Thermal springs at Waiotapu, north of Rotorua, 
North Island. The red deposit in the water is antimony. 


New Zealand jade is a dark green variety of 
nephrite, which is found in talc and serpentine rocks 
on the west of South Island. Jade from this region is 
known as New Zealand greenstone, Maori jade or 
axestone. The Maori peoples have long used jade for 
making tools, ornaments and burial objects. 

Nephrite varies in colour as a result of its iron 
content. It ranges from a deep spinach green to a near- 
white colour sometimes known as mutton fat. It is a 
member of the amphibole group (rock-building 
silicates usually found in igneous rocks) and tends to 
be cryptocrystalline in form. The interlocking crystal 
structure of nephrite makes it even tougher than steel 
and this helps to explain its popularity for carving. 


Natural resources 
Coal is one of the nation’s most important natural 
resources. By 2005, over 5 million tonnes of coal were 
being mined annually, making New Zealand one of 
the world's major producers. Most of the coal is sub- 
bituminous and is mined in open casts such as 

those at Stockton, north of Westport. South Island 
has large deposits of lignite, especially at Mataura 

near Invercargill. 

New Zealand is virtually self-sufficient in steel, 
mainly thanks to a specially developed smelting 
process which converts the iron-rich, titanium-bearing 
black sands near Auckland. 

Large quantities of petroleum and natural gas are 
found on North Island around New Plymouth. 


DISCOVERY AU 


e Organic gemstones 


A variety of different materials which are of organic origin, and therefore 
are not strictly minerals, have been used for many years as decorative gemstones. 
Some of these are of plant origin, for example amber and jet, while others, 
such as pearl, ivory and coral, are derived from animals. 


Amber 
Perhaps the best-known organic gemstone is amber, 
which is formed from the resin that seeps from the 
bark of various trees, especially conifers. Most amber 
began to form many thousands of years ago; and 
much of it is tens of millions of years old. Over this 
time the original resin has changed. Volatile chemical 
components have been lost and the resin has 
hardened and lost its flexibility. The trees from which 
the original resin oozed were able to produce great 
quantities of resin and this seeped into the ground 
and filled any cracks in the tree trunk. Insects and 
small animals caught in the resin are often found 
fossilised in amber. 

Amber is of low density (about 1.07) and it will 
float on water. It is found around the Baltic coasts of 
Russia and Poland. It also occurs in Burma, Chile, 


the Czech Republic, Romania, Sicily and the USA. 


In England amber can be found on the east coast, 

where small fragments have floated across the North 
Sea from the Baltic region. Amber has been used for 
hundreds of years to make ornaments and jewellery. 


4 An attractive 
brooch set 
with jet. 


Jet 
Jet is a rock, a form of brown coal. It is formed of 
wood from the monkey puzzle tree and most jet is of 
Jurassic age. Logs from these trees floated out into 
the Jurassic sea and sank into the muddy sediment 
on the sea bed, where they were preserved and 
gradually, due to the overlying weight of sediment, 
became jet. 

Jet occurs as seams and irregular layers, and is 
black in colour. It can be distinguished from coal by 
using the streak test. Jet produces a brown streak 


« Amber from the Baltic Sea. Although this particular 
specimen is not fine enough to be used as a gemstone, 
it would make a highly desirable addition to any 
mineral collection. 
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Organic gemstones 


when drawn across white unglazed porcelain, while 
coal has a black streak. Jet became fashionable during 
the late 1800s, when Queen Victoria wore jet 
jewellery in mourning for her husband, Prince 
Albert. It remains popular today and a jet industry 
around 150 years old still flourishes in Whitby, 
North Yorkshire, England. Jet is mainly used for 
jewellery and small carved objects. 


A An opulent, multi-stranded pearl necklace. 


Pearl 
Pearls are solid rounded growths that occur inside 
the shells of certain molluscs. They are composed of 
calcium carbonate in the form of aragonite, which is 
cemented by conchiolin. Pearls grow naturally inside 
oysters and mussels, usually when a small grain of 
sand, or a parasite, finds its way into the shell and 
aragonite growth is centred around this irritant. 
Natural pearls have been harvested for thousands 
of years but this practice is far from sustainable. 
Many oysters have to be opened and destroyed in 
order to find a few good pearls. Fortunately, most of 
the pearls used today are cultured, that is, grown 
artificially within living mollusc shells. A small 
spherical fragment of mother-of-pearl is introduced 
into the mollusc shell and the creature then secretes 
aragonite around this to grow a pearl. Japan is the 
main centre for this pearl production. Pearls have 
been used for hundreds of years for necklaces, 
earrings and other types of jewellery. 


A Red coral beads. Coral comes in various shades, 
including white, pink and blue. 


Coral 

Coral is the rocky structure built up by coral animals — 
tiny soft-bodied anthozoans — which live in a small 
depression (the calyx) at the top of the coral tube. 
Corals may be complex branching colonial structures 
or solitary. Much coral grows in warm, tropical seas, 
but some corals also thrive in the cold depths of the 
North Atlantic. 

Coral is composed of calcium carbonate in the 
form of calcite, so it is soft and breaks easily. Various 
delicate shades of coral, from white to pink, red and 
blue have been used for ornamental carvings and 
jewellery for thousands of years. Coral is plundered 
from the oceans today and many important reef areas 
have been devastated by this activity, as it takes a coral 
many hundreds of years to develop to a good size. 


Ivory 
Ivory comes mainly from the tusks of elephants, but it 
has also been obtained from walrus and hippopotamus 
tusks and teeth. The tusks of mammoths also provided 
ivory, especially in China. Obtaining ivory has 
involved much cruelty, but strict legislation is now in 
place to stop the killing of animals for their ivory. 
Ivory has been cut and polished ornamentally for 
hundreds of years. It takes a good polish and has a 
fine-grained structure, but the cream to pale yellowish 
colour turns browner with age. Ivory is used mainly for 
ornaments and carved figures. 


Cement is a mineral-based powder 
that is used to make concrete. This 
sturdy, flexible and cheap substance 
can be moulded into any desired shape 
and is the world's most widely used 
building material. 


ement has been used in construction since 

the time of the ancient Egyptian civilisation. 

"Ihe Romans made cement from a combination 
of lime and volcanic ash, and used it extensively in 
buildings throughout their vast empire. 

In its raw form, cement is a finely ground powder. 
When it is mixed with water, it displays unique 
adhesive and cohesive properties which can bond 
mineral fragments into a solid whole. The material 
which forms when the aggregate particles are bonded 
with water is called concrete. 


In 1824, Joseph Aspdin, a builder from Leeds in 
Yorkshire (England), patented a form of cement 
which he named Portland because its colour closely 
resembled that of the limestone quarried at Portland in 
Dorset (England). This type of cement proved much 
stronger and more water-resistant than any previous 
form and soon became the most widely used brand of 
cement. Today, about 700 million tonnes of Portland 
cement are produced all over the world each year. 
Portland cement is generally made from a 
combination of limestone, sand and clay or shale 
(minerals containing calcium carbonate, silica, alumina 
and iron oxide). These raw materials are mixed in 
carefully controlled proportions and then heated in 
rotating kilns at a temperature of about 1350°C. 


Concrete may be mixed at a central plant and then 
transported in road lorries with revolving cylinders: this 
form of concrete is known as ready-mix. 
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Bags of cement and piles of sand like 
these are seen on building sites all over 
the world. The dry cement is mixed with 
water, sand and a coarse aggregate. 
When this mixture solidifies, it becomes 
concrete, one of the cheapest and most 
versatile of all building materials. 


Cement 
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generally mixed with gravel or crushed 

stone. Among a fairly small range of 
minor uses, cement may be used to fill the joints 

The heat in the kiln causes an effect known as thermal between tiles and masonry — a process known as 


decomposition. The particles in the mixture bond grouting. Cement may also be mixed with sand to 
(sinter) and partially fuse into balls known as clinkers. form mortar, the material used in the construction of 
These clinkers are then mixed with gypsum (hydrated masonry itself. 

calcium sulphate) to slow down (retard) the setting of 

the cement. 


The mixtures are then pulverised into a fine, even 
powder. Later, after water, sand and a coarse aggregate 
have been added to the product, an unusually strong, 
stone-like, solid concrete forms when the mixture 
hardens. The hardening of Portland cement when it is 
mixed with water largely results from the hydration of 
the calcium silicates it contains to form a gel. This in 
turn forms a hard, solid mass when the remaining 
water evaporates and the concrete sets. 


Special ingredients may be added to this basic mixture 
to form cement with particular properties. These 
include waterproof cement, oil-well cement (designed 
to resist the high temperatures and pressures found in 
deep drilling holes) and slag cement (made with the 
by-products of blast furnaces producing pig iron). 

Cements made from gypsum are used in plaster 
and plasterboard. Other types of cement may be 
made from plastics, resins and other natural and 
synthetic materials. 

Concrete buildings are strong and long-lasting but 
may be attacked by the acids and sulphates which can 
be present in polluted air. To prevent this, building 
cement may be fortified with a high aluminate content 


A cement plant northeast of San Antonio, Texas (USA). 
The tower on the left of the photograph contains a kiln 
in which limestone, sand and clay or shale are heated 
together at strictly controlled temperatures to make 
cement powder. 


Collecting rocks 


Collecting rocks can be as interesting and satisfying as collecting mineral specimens. 
Rocks can be of great importance in representing the materials of which the 
Earth's crust is made. Rocks also indicate how and where many minerals are formed, 
and rock and mineral collections thus complement one another. Many rocks have 
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a very attractive appearance and can be displayed to show off their mineral content. 


Where to look 

It is not necessary to climb steep cliffs or quarry faces 
when collecting rocks. The ground below such places 
is usually covered in specimens that have fallen down. 
Pebbly beaches can also be a good place to look for 
specimens. However, many rock specimens found here 
will have been weathered and eroded, and to see the 
fresh unaltered rock it may be necessary to break the 
pebble open. This can be done quite easily with a 
proper geological hammer. Never use a woodworking 
or other hammer, as the steel from which this type is 
made is too soft. Also, always wear eye protection, as a 
splinter of rock can permanently damage your eye. 

In order to find rock specimens a geological map is 
useful, as this will show, in colour, where the different 
rocks outcrop. This doesn't mean that a certain rock 
can be found wherever its colouring occurs on the 
map. The rock may be covered with soil, buildings or 
roads, for example. Look for places where there are 
river valleys or a coastline, where the rock is likely to 
be exposed. 


4 A geologist preparing to remove a rock specimen. 


Y A pebbly beach can be a good source of rock specimens. 
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4 A glass globe sitting on a geological map dating 
from the 1920s. Geological maps can be a great aid 
to tracking down particular rocks. 


Rocks can also be ‘collected’ with a camera. 

Even in a city there are rocks everywhere. They are 
used for buildings, as kerbstones and in ornamental 
monuments. 

Rocks are broadly divided into three main groups 
based on their origins. A collection of rocks and 
photographs of them can be classified according to 
this system. 


Igneous rocks 

Igneous rocks are formed by the consolidation of 
molten material — called magma underground and 
lava on the surface. These rocks are among the most 
attractive because of their crystalline texture. Those 
formed from magma that has cooled slowly contain 
relatively large crystals and their appearance is 

thus enhanced. 

Many types of granite have pink or white feldspar 
crystals, black flakes of mica and contrasting grey 
quartz. A collection simply of different types of 
granite would fill many drawers. At the other extreme, 
basalt lava, though essentially a dark dull-looking 
rock, may be filled with large crystals of feldspar or 
pyroxene, giving it an attractive appearance. 


Sedimentary rocks 
Sedimentary rocks are formed by the deposition of 
material (sediment) that has been broken from pre- 


4 A geological hammer, which can be used to break open 
pebbles. It is essential to wear goggles when doing this. 


formed rocks, or by chemical or organic deposition. 
These are the rocks that contain fossils, and a 
collection of sedimentary rock specimens will show 
this as well as the stratification (layering) typical of 
these rocks. 


Metamorphic rocks 

Metamorphic rocks are created when already existing 
rocks are subjected to heat and/or pressure, usually 
deep underground. A collection of rocks can show 
the original rock — for example limestone — and its 
metamorphosed equivalent — marble — indicating the 
differences. The extremely altered rocks like gneiss 
often have tight folds and bands of different minerals 
and make attractive specimens. 
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Arsenopyrite 


Arsenopyrite is the most 

common and widespread 
ore of the valuable 
element arsenic. 
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rsenopyrite is usually 

silver or grey-white in 

colour, although the 
surface often has a pink 
tarnish after exposure to the 
air. It was formerly known by 
its German name, ‘mispickel’. 

Arsenopyrite is the 

principal ore of arsenic. 
Orpiment and realgar 
are also mined for their 
arsenic content, but are less 
important ores of this metal 
than arsenopyrite. 


> A mass of prismatic arsenopyrite 
crystals from Panasqueira (Portugal). 


ORIGINS and DISTRIBUTION & 


" Arsenopyrite commonly forms in hydrothermal 
mineral veins. These occur where hot chemically-rich 
fluids have seeped into cracks in the Earth's crust, 
depositing minerals. Many minerals of economic 
importance are formed in this way. Arsenopyrite is 
often associated with galena (lead ore), sphalerite 
(zinc ore) and chalcopyrite (Copper ore) in such 
veins. Some igneous and metamorphic rocks also 
contain arsenopyrite. 

Among the numerous other minerals with which 
arsenopyrite may be associated are gold, pyrite, 
quartz, silver and tin ores. 

Arsenopyrite is a widespread mineral occurring 
in many places throughout the world, including: 
Hastings County, Ontario (Canada); England; Freiberg 
(Germany); Cagliari, Trento and Vercelli (Italy); Japan; 
Panasqueira (Portugal); Trepca (Serbia); Boliden and 
Tunaberg (Sweden); Binnental (Switzerland); and New 
Hampshire and New Jersey (USA). 


4 Arsenopyrite from Trepca (Serbia). These crystals 
conform to the monoclinic system of symmetry. 


Danaite variant 

Pure arsenopyrite is made up of 34.3 per cent 

iron, 46 per cent arsenic and 19.7 per cent sulphur. 
Sometimes, however, the iron may be partially 
replaced by up to 9 per cent by weight of cobalt: such 
specimens are often known by the alternative name 
danaite. The finest danaite comes from Franconia, 


New Hampshire (USA). 


Tests 

Arsenopyrite can be identified by its crystal habit in 
combination with a number of other properties. It is a 
heavy mineral because of its iron content, and with a 
density of 6.0 to 6.2, even a relatively small hand 


specimen seems 


far heavier than 
ARSENOPYRITE 


expected. 
Group: Sulphides 


Crystal system: Monoclinic 


Chemical formula: FeAsS 


Arsenopyrite 
measures 5% to 6 


on the Mohs 


Scale of hardness, 


which means that 
it can be scratched 
by a piece of 
quartz, but in 
turn it will easily 
mark a coin. 

If arsenopyrite 
is heated or 
struck with a 
hard object, it 
will give off the distinctive garlic-like smell which is 
characteristic of all arsenic-bearing minerals. It is 
soluble in nitric acid and fuses (melts) easily. 


Hardness: 54-6 
Density: 6.0-6.2 
Cleavage: Distinct 
Fracture: Uneven 


Colour: Silvery white, grey 
Streak: Black 
Lustre: Metallic 


Fluorescence: None 


| 


minerals, each molecule being composed of one 
atom each of iron, arsenic and sulphur. 

Crystals of arsenopyrite conform to the 
monoclinic system of symmetry in which no 
crystallographic axis is the same length as any 
other. They often display characteristics of the 
orthorhombic system and are thus said to be 
pseudo-orthorhombic. 

Many crystals take the form of vertically flattened 
prisms and some grow together in the phenomenon 
known as twinning. Such specimens are often cross- 
shaped (cruciform). Specimens may also be granular, 
massive or columnar. Parallel grooves (striations) 
along the crystal surfaces are common. 


A Pyramidal crystals of 
arsenopyrite on quartz. 
This fine specimen was 
mined at Monte Tamara 
near Cagliari (Italy). 


4 A dark prismatic crystal 
of arsenopyrite on quartz 
(Valsesia, Italy). Note the 
distinctive metallic sheen 
(lustre). The parallel 
grooves along this 
specimen are called 
striations: unlike visible 
planes of cleavage, these 
markings are no more 
than superficial. 


Boulder clay is an 
unconsolidated, unstratified 
glacial deposit containing rock 
fragments of widely varying sizes. 
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oulder clay is a common and widespread 
sedimentary rock formed by the action of 
glaciers and ice sheets. 

Boulder clay may be brown or grey in colour. 
Alternatively known as till, it is deposited by glaciers 
and ice-sheets as they retreat, and may be more than 
one hundred metres in thickness. The orientation of 
the fragments in boulder clay may help geologists to 
determine the direction of the ice flow. 


Erratics 
The rock fragments in boulder clay have 

[1 been transported from previous locations and are 
known as erratics (from the Latin errare, ‘to wander’). 
The rock surface over which the glacier has passed 
may be scratched (striated), often in the direction of 
the ice flow. 


> A weathered cliff of boulder clay with large erratic 
boulders that have fallen onto the beach below. Note 
the wide variety of sizes and range of rock types in 
these erratics. 


Boulder vn has a fine-grained body (matrix) and a 
sticky texture when wet. It is unsorted and contains 
numerous rock fragments and pebbles which have 
been transported some distance from an earlier 
location - in scientific terms, these fragments are 
known as glacial erratics. 
The colour of boulder clay varies from brown 
to grey, and the exact appearance of any deposit 
depends on the nature of the rock from which it has 
been derived. 
Boulder clay is easily eroded and weathered, and 
may become very unstable, especially when it occurs 
. at the tops of cliffs. Landslides are therefore a 
A Boulder clay cliffs. Water running down has formed common hazard. 
gullies and fans of eroded material against the cliff base. 
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ORIGINS and 
DISTRIBUTION 


Boulder clay is formed when ice 
and the fragments it picks up grind 
(abrade) the rock surface over 
which it moves. Boulder clay 
Occurs in whale-backed mounds 
(drumlins), moraines and other ice 
depositional features. 

Boulder clays may be seen in 
the following areas: Kirke Helsinge 
Strand, Zealand (Denmark); the 
Cheshire plain and east Yorkshire 
(England); Greenland. 


< A Weathered boulder clay with 
many erratics. 


A This specimen of boulder FACT FILE 
clay is dark in colour and 
sticky to the touch. It contains | BOULDER CLAY 
many small erratics - pebbles Type: Sedimentary rock 
picked up by the glacier as it Essential components: Clay and rock fragments 
moved along. of widely varying composition 
Colour: Brown or grey 
Basal and ablation till Texture: Unsorted 
There are two main types Structure: Unbedded, massive 
of boulder clay — basal till Grain: Fine to coarse A This section through boulder clay 
(also known as lodgement Density: 2.7 shows small glacial erratics in some 
till) and ablation till. Basal parts of the stiff brownish clay. 
till is carried within the ice or 
below it and deposited as the flow advances or recedes. shows the spread of the rhomb porphyry which is 
Ablation till also forms on or in the ice but is usually now on the east coast of England from its original 
deposited at the front end (snout) of the glacier. location in the area around Oslo (Norway). 


On the boulder trail Fine grains 
Some of the pre-existent rocks found in boulder The fine grain size of the clay body (matrix) of 
clay may be traced by geologists back to where the this rock is due to the persistent rubbing (abrasive 
advancing ice picked them up. This is particularly true action) of moving ice which is already full of rock 
of igneous rocks. fragments. Boulder clay is unsorted because the ice 
Once the source of the erratics has been located, it has deposited its components randomly - this is in 
is possible to draw a map charting the spread of the contrast to water, which sorts its sediment by grain 
rocks and the movement of the ice. One of these maps — size before depositing it. 
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Hauyn 


Hauyne is a silicate mineral 
which commonly forms in 
lavas around volcanoes. 


auyne may be blue, grey, green, red, 
white or yellow. It is named in honour 
of René-Just Haüy (1743-1822), the 
distinguished French geologist who was one of 
the pioneers of crystallography. 
Hauyne is a moderately hard mineral, 
scoring from 5% to 6 on the Mohs Scale — it 
will scratch apatite without difficulty but will 
itself be scratched by quartz. It has an average 
density of 2.4 to 2.5, so its hardness is of more use in 
identification. It is often bright blue and occurs as 
small granular crystals scattered throughout rocks 
such as trachyte or phonolite. 
Hauyne is a member of the sodalite group, 
which also contains a number of other blue-coloured 
minerals, including sodalite, nosean and lazurite. 


A Small red 
crystals of 
hauyne on 
basanite. 


? 


PACT FILE: 
HAUYNE 


Group: Silicates 

Crystal system: Cubic 

Chemical formula: (Na,Ca),sAlgSig(0,S)24(SO4,Cl),-2 
Hardness: 54-6 

Density: 2.4-2.5 

Cleavage: Distinct 

Fracture: Uneven to conchoidal 

Colour: Blue, grey, green, red, white, yellow 
Streak: Colourless 

Lustre: Vitreous to greasy 

Fluorescence: None 


4 Phonolite 
containing tiny 
crystals of hauyne 
and nosean, two 
members of the 
sodalite group. 


Collector's mineral 


Tests and treatment 

Hauyne melts (fuses), producing a blue-green glass. 
It dissolves (is soluble) in acids and leaves behind a gel 
of silica. Specimens of hauyne should be cleaned with 
distilled water. 


A Tiny crystals of hauyne in the igneous rock phonolite. 


Y A specimen of trachyte, one of the igneous rocks in 
which hauyne is typically found. 


. MINERALS 


E Hauyne is found principally in igneous rocks, 
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ORIGINS and DISTRIBUTION EŻ ; 


such as phonolite and trachyte, which have 

formed from silica-poor lavas. It occurs mainly in 
association with nosean, a closely related silicate of 
the sodalite group. 

Hauyne is found around Lazio and on the slopes of 
Mount Vesuvius, near Naples (Italy). It also occurs in 
andesites in France, in volcanic bombs around the 
Laacher See (Germany), and in lavas in Morocco. In the 
USA hauyne is found in numerous locations, notably 


at Cripple Creek (Colorado). 


Hauyne is a member of the silicate group of minerals. 
Each molecule contains atoms of the metallic 
elements sodium and calcium, together with 
aluminium and the non-metals silicon, oxygen, 
sulphur and chlorine. 

Crystals of hauyne conform to the cubic 
system of symmetry. They often occur in eight-sided 
(octahedral) or 12-sided (dodecahedral) shapes, many 
of which share a crystal face - a phenomenon 
known as twinning. 

When broken, hauyne splits distinctly along its 
weakest structural planes - in scientific terms, it is 
said to display distinct cleavage. 

Hauyne may be transparent or translucent; its 
sheen (lustre) is glassy (vitreous) or greasy. 
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mineral 
trail: Hungary 


Hungary is an oval- e 
shaped country in GEOGRAPHICAE EAS OF HUNGARY 


central Europe CZECH REPUBLIC 


occupying an area Do SLOVAKIA 
E ' UKRAINE 
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of 93,030 sq. km. It is 
bounded by Slovakia 
in the north, Ukraine 
in the northeast, 
Romania in the east, ~ 
Serbia, Croatiaand ~ — ? Major mineral 
Slovenia in the = $ 

south, and Austria 

in the west. 


ungarys main 
economic resource 
is the rich black 


soil of its farmlands. 

Nevertheless it does also 

possess a variety of mineral 

resources, including 

manganese ore, gypsum, 

anhydrite, lead, sapphire 

and carnelian. Other 

natural reources are 

bauxite and fossil fuels. A With an area of 598 sq. km, Lake Balaton is the largest freshwater lake in central 

Two of its main industries Europe. Its maximum depth is 11m. 

are mining and the 

production of construction materials such as The highlands in the north include the Bukk and 

aggregates and cement. the Matra Mountains. The highest peak in Hungary is 
Hungary is a flat country divided into two main Mount Kekes (1015m) in the Matra Mountains. 

regions by the River Danube. To the east of the To the west of the River Danube is an area called 

Danube is the Great Hungarian Plain (the Great Transdanubia. This fertile, hilly region is famed for its 

Alfold), a stretch of land extending towards Romania fruits, wines, liqueurs and high-quality coal. 

and Serbia. This is the country’s most productive In the south are the isolated Mecsek Mountains 

agricultural region. rising to 610m; in the west, the Bakony Mountains 


ROMANIA 
SLOVENIA . 


m overlook Lake Balaton, the 
€ largest freshwater lake in 
© — central Europe; to the north 
(©) of these is the Little Plain 
(Little Alfold), which 

"UN extends north into 
southern Slovakia. 


Mining 

During the late 1980s, large 
deposits of bauxite, and the 
manganese associated with 
it, were increasingly mined 
in the Bakony Mountains. 
Hungary became one of 
the world’s largest bauxite 
producers (over one million 
tonnes in 2000). About 
15,000 tonnes of 
manganese ore was also 
produced in 2000, together 
with about 200,000 tonnes 
of gypsum and anhydrite. 

Coal production varies 
from high-quality hard coal 
at Komlo near Pécs in the 
south to low-grade brown 
coal around the capital, 
Budapest. By the end of the 1980s, total annual coal 
production had reached 22.8 million tonnes, but after 
the collapse of the coal mining industry in the early 
1990s, many mines closed and production plummeted 
to 14.8 tonnes in 1998. 

Tatabanya is an important mining centre at the 
northeast end of the Vertes Mountains near Budapest. 
The town is situated in a region well known for its 
lignite mining and limestone quarrying, and has 
aluminium foundries, thermoelectric power plants and 
factories which produce fuel briquettes, cement and 


Nearby is the famous Selim Cave, an intriguing 

limestone formation dating from the last Ice Age. 
Szolnok in eastern central Hungary has been a river 

port and important mineral distribution centre since 


carbide. A school of mining is also located in the town. 


< Much of Hungary is 
fertile and low-lying, 
and it is primarily an 
agricultural country. 


v A Hungarian steelworks. 
Steel manufacture makes 
a significant contribution 
to the Hungarian 
economy. 


the 10th century. It is still an important trading centre 
for rock salt from the nearby mountains. 


Oil and gas 

The Transdanubian oil and natural gas fields have been 
worked since the 1930s, while other fields have been 
explored in several parts of the Great Alfold. In the late 
1980s, 12.8 million barrels of oil and 6.5 billion cubic 
metres of natural gas were being produced annually, 


but as reserves were depleted, production had dropped 
dramatically by 2000. 


Commercial centre 

Tokaj is the commercial centre of one of Hungary’s 
most mineral-rich areas. Rock salt is found here, plus 
the gemstones sapphire and carnelian. 


Niobates and 
tantalates 


Niobates and tantalates are two closely related groups which together comprise 
almost 100 different minerals. In addition to the metallic elements niobium and 
tantalum from which they take their group names, these minerals may also contain 
one or more of the rare earth elements and/or uranium. 


esearch has shown 
that the rare earth 
metals are not as 


Scarce as scientists 
originally believed: 
indeed, cerium (chemical 
symbol Ce) is nearly three 
times more plentiful in 
the Earth's crust than 
lead. Rare earth metals are 
also found in meteorites 
and on the Moon. 

Niobium (Nb) and 
tantalum (Ta) are metals 
but they are not classified 
as rare earth elements. 
Niobates and tantalates 
are classified together 
partly because they may 
both contain both metals. 

The following are 
some of the best known 
niobate and tantalate 
minerals. 
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Columbite 
Columbite is a hard, 
black mineral which 
takes its name from 
Columbium, an early 
name for both the continent of America and the metal 
niobium. Each molecule contains six atoms of oxygen, 
one atom of iron and manganese, and two atoms of 
niobium and tantalum. Columbite is found in 
Argentina, Australia, Brazil, Canada, Norway and 
Russia. In the USA it is found in California, 
Connecticut, South Dakota and Virginia. 


Euxenite 

Euxenite is a widespread, black mineral. Its name 
comes from the Greek meaning ‘friendly to strangers’, 
a reference to the many rare earth metals it contains. 
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< An almost cubic prism 
of columbite. 


In addition to 
niobium and 
tantalum, euxenite 
also contains yttrium, 
cerium, calcium, 
thorium, titanium 
and/or uranium. It is 
found throughout the 
world, notably in 
Australia, Brazil, 
Canada, Finland, 
Greenland, 
Madagascar, Norway 
and the USA. 


Microlite 

Microlite was first 
described in 1835. It 
is a reddish brown 
mineral which occurs 
in eight-sided shapes 
(octahedra) and 
conforms to the cubic 
system of symmetry. 
Its name is a reference 
to the tiny size of the 
earliest found crystals. 
Microlite contains tantalum, calcium and sodium; it 
also contains one atom of the non-metal fluorine. 
This mineral is found in Afghanistan, Brazil, 
Finland, France, Greenland, Madagascar, 
Mozambique, Norway and Sweden. In the USA it 

is found in California, Massachusetts and Virginia. 


Pyrochlore 

The pyrochlore group of minerals also includes 
betafite and microlite. Pyrochlore is brown, red or 
yellow. It frequently turns green when burned in a 
flame, and its name is thus derived from the Greek 
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Niobates and tantalates 
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words pyr, meaning ‘fire’, and chloros, meaning ‘green’. 
Pyrochlore contains niobium, calcium and sodium, 
plus tantalum, titanium and uranium, together with 
fluorine and the hydroxyl radical (formula OH). 
Pyrochlore is widely distributed, albeit in small 
quantities: it is found in Canada, France, Germany, 
Greenland, Italy, Norway, Russia, Sweden, Tanzania 


and Colorado (USA). 


Samarskite 
Samarskite is usually black in colour, though the 
surface may become brownish after exposure to air. 


DISCOVERY 


A A mass of euxenite crytals. 


< Reddish brown crystals of microlite from 
Alto Ligonha (Mozambique). 


This mineral has a high density (5.7) and is difficult to 
scratch, scoring 5 to 6 on the Mohs Scale of hardness. 
It has a very complex chemical formula and contains 
the elements calcium, lead, yttrium, cerium, uranium, 
niobium, tantalum, tin and titanium along with 
oxygen. Samarskite is radioactive because of the 
presence of uranium in its composition. It occurs in 
many parts of the world including Borneo, Brazil, the 
Democratic Republic of the Congo, Norway, Russia, 
Switzerland and much of the USA. 


A Magnificent dark crystals of pyrochlore from one of 
its most important localities at Oka, Quebec (Canada). 
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The bodies of humans and other living 
creatures all contain chemical elements 
that are needed to build cells. Some of 
these elements are metallic, such as the 
metals calcium, iron and magnesium. 


very animal and plant on Earth contains the 

chemical elements carbon, hydrogen, oxygen 

and nitrogen: these are the essential elements 
of life. In addition, animals and plants must contain 
many other elements in small amounts. When they 
occur in the human body, these elements are classified 
along with vitamins as micronutrients. Although they 
are required only in minute quantities, they are 
essential to the normal growth and healthy 
maintenance of all living organisms. 


Among the micronutrients in a healthy human body 
are the metals iron, manganese, zinc and copper, 
together with the non-metallic elements iodine and 
silicon. These are present only in the tiniest amounts 
and are sometimes referred to as trace elements. 

Iron is the most important trace element in the 
human body. Deficiencies lead to anaemia and later to 
serious bleeding disorders and cancer. 

Other elements occur in relatively large 
concentrations as integral parts of the human body: 
these include the metals calcium and magnesium, 


together with the non-metals chlorine, phosphorus 
and sulphur. However, even the most abundant of 
these components makes up little more than one part 
in 200 (0.005 per cent) of the whole body. 


Calcium is a vital component of healthy bones and 
teeth, and calcium deficiency may lead to brittle bone 
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A fingernail greatly magnified. Calcium is essential to 
the healthy maintenance of fingernails like this. 


Healthy red blood cells such as these are packed 
with an iron-bearing pigment called haemoglobin. 
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disease (osteoporosis). Calcium is also present in the 
blood, where it facilitates muscle contraction. 

Magnesium deficiency — which results from 
hormonal disorders or poor diet — may cause muscle 
cramps, irritability and mental confusion. 


Non-metals 
Iodine is concentrated in the thyroid glands and 


hormones. Chlorine forms part of the salt (sodium 
chloride) secreted by sweat glands. Phosphorus is an 
important component of cells and tissues, especially 


4 These sheet-like 

(lamellar) crystals of 

calcium phosphate may 

look like mineral crystals $ ) 
but are in fact parts of 

compacted human bone. 


bones and teeth. It is also 
found in the chemical 
energy-carrier adenosine 
triphosphate (ADP). 
Sulphur is an important 
component of many 
proteins in living 
organisms. 


Metabolism 

The overall operation 

of any living body — its 

growth, health and the 

ways in which it disposes 
of waste products — is known as its metabolism. Each 
element performs one or more roles in the overall 
metabolism of the body, and serious deficiencies 
may cause severe illness and even death. Some of the 
requisite elements are created by the body itself, while 
others are extracted from nutrients in a balanced diet 
or from mineral-based medicines. 


v A magnified view of a human tooth (coloured blue). e 
The calcium-based enamel of which the tooth is made 
is the hardest material in the human body. 
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Fossils are the evidence of past life 
preserved in the rocks of the Earth's 
crust. A fossil may be, for example, 


an entire organism preserved in 
amber or permafrost; a mollusc shell 
replaced by pyrite or quartz; 

a film of carbon showing the 
delicate structure of a fern leaf 

or a dinosaur's footprint on a 
mudstone bedding plane. 


he vast majority of fossils are of 

creatures that lived in the sea. This 

is because marine organisms, such 
as molluscs, arthropods, brachiopods, corals 
and echinoderms, can be rapidly covered with 
sediment when they die, and most sedimentary 


rocks — the rocks which contain fossils — are formed 
on the sea bed, not on land. 


Fossil formation 

For an organism to stand a good chance of becoming A This dinosaur egg - which was laid millions of years 
fossilised it needs a hard shell or skeleton which can ago - has been perfectly preserved by layers of 

be covered with sand or mud. Soft bodied organisms sediment. It was found at Montarnaud, near 

are generally lacking in the fossil record, though in Montpellier (France). 

exceptional circumstances even jellyfish and feathers 

have been fossilised. Once the creature is buried in 44 The fossilised skeleton of a 9m whale at Sacaco 
sediment, it may be changed chemically, as fluids seep (Peru). Now a desert, this region once lay on the floor 
through the rocks. A calcareous shell may thus be of an ocean. 


Introduction to fossils 


Palaeontology and history 


Although the study of fossils (palaeontology) first 
became a matter of popular interest during the 19th 
century, scientists had long been aware that the 
Earth's rocks contain the fossilised remains of a wide 
range of early life forms. 

The ancient Greeks, for example - especially 
Pythagoras (c. 570-480 sc) and Herodotus (c. 485- 
425 Bc) - realised that marine shells buried in inland 
| rocks were the remnants of organisms that had 
| once lived in the sea. 

Further advances in the understanding of fossils 
were made during the 15th and 16th centuries ap. 
Although his main claims to fame are as an artist and 
engineer, Leonardo da Vinci (1452-1519) was also a 
pioneer in palaeontology. His work included a 
detailed comparison between the fossils in inland 
rocks and the shellfish living in the Mediterranean 
Sea. The similarities between the two led him to the 
same conclusion as the ancients: that fossils were 
the remains of living organisms. 


preserved as quartz or pyrite. The shell may be 
completely removed by acidic water and the hollow 
left can then be filled in by minerals to make a fossil 
cast. In a similar way a dinosaur footprint can become 
a fossil when mud fills it in to preserve it. 
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The study of fossils and the fossil record is called 
palaeontology. The fossil record begins back in Pre- 
Cambrian time, around 2,500 million years ago, when 
the first organisms to be preserved as fossils lived. At 
this time most organisms were probably soft bodied 


and relatively simple and so stood little chance of 
being fossilised. 

Around 550 million years ago many organisms 
began to make hard shells and so the fossil record 
suddenly contains the remains of vast numbers of 
different, complex organisms such as trilobites and 
brachiopods. These fossils and those preserved from 
that time onwards have provided scientists with the 
information on which theories of evolution are based. It 
has been discovered, for instance, that evolution is no 
steady progression but that it is punctuated by rapid 
bursts when many species develop, and also by mass 
extinctions when great numbers of species are destroyed. 


The science of putting geological events into the correct 
sequence and the strata into order, with the oldest first, 
is called stratigraphy. Fossils are instrumental in this 
study. Many fossils are only found in a certain stratum, 
at a certain point in the whole sequence of rocks. These 
fossils are useful in pin-pointing their own stratum. If 
they are found in other parts of the world, it can be 
suggested that these rocks are all the same age, as they 
were formed when that organism was alive. Such fossils 
are referred to as zone fossils and a relative time scale 
can be worked out with them. 

This time scale does not have dates and numbers of 
millions of years, but is simply a relative sequence in 
which one layer is relatively older or younger than 
another. However, together with absolute age dates 
worked out by atomic dating, scientists have been able 
to establish a comprehensive time scale by combining 
the two methods. 


Y A fossilised dragonfly. This specimen is 140 million 
years old. 
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MINERALS 


White or colourless in its pure 
form, gypsum may be stained 
red or brown by iron " 
compounds. Such specimens are 
usually non-crystalline. 


ed gypsum may occur naturally through the 

association of pure gypsum (hydrated calcium 

sulphate) with hematite (iron oxide). However, 
most of the world's red gypsum is produced as an 
artificial by-product during the extraction of 
titanium oxide from ilmenite ores. This 
separation is achieved through chemical 
reaction with sulphuric acid (H503). 
Titanium oxide is industrially important 
as a white pigment in paint, sunscreen 
and food colouring (E171). Ilmenite is 
an oxide of titanium and iron. 

One of the residues from this extraction process 
is gypsum, in the form of a reddish brown semi- 
solid mud. For many years this was regarded as a form 
of pollution, but more recently scientists have found a 
use for the waste material as a ceramic glaze, especially 
when combined with zinc oxide. 


A Reddish coloured crystalline 
gypsum from Cherokee Flats, 
Oklahoma (USA). 


RED GYPSUM 


Group: Sulphates 


Crystal system: Monoclinic 
Chemical formula: CaS0,.2H;0 
Hardness: 2 

Density: 2.3 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Red, reddish brown 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: Sometimes greenish 


< Gypsum crystals stained red 


by hematite (iron oxide). | 
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Concrete benefits 

Red gypsum may also be used to make a low-strength 
concrete that is suitable for lining trenches. In this 
application, five parts of red gypsum are combined 
with one part of Portland cement. A small quantity 
(1.5 per cent by weight) of hydrated sodium silicate 
(Na5SiO4.5H5O) is then added to the mixture to 
increase its ‘flowability’ — the ease with which it will 
pour when wet. 

However, despite red gypsum’s undoubted 
potential, in the early 21st century supply still 
outstripped demand — only about one third of the 
amount currently produced is used for other purposes 
—and the land around some ilmenite mines is 
discoloured by slag heaps of the waste material. 


Identification 
Both red and other colour varieties of gypsum have 
a number of characteristic features which help with 
identification. Gypsum crystals are classified in the 
monoclinic system of symmetry and crystals are often 
diamond-shaped or form as long slender prisms. When 
these prisms occur in a tightly packed mass, with a 
silky lustre, the term ‘satin spar’ is used for this variety 
of the mineral. 

Gypsum also occurs in rosette shapes, with 
a flower-like appearance. These are called 
desert roses. 


A A tabular slab 
of gypsum, stained 
reddish by hematite 
(ron oxide), from 
Triassic sandstones 
in Staffordshire 
(England). 


> Small reddish 
prismatic crystals 

of selenite (a variety 
of gypsum). The 
associated minerals 
are white 
magnanocalcite 

and grey quartz. 


AT M icto 


Red gypsum is hydrated calcium sulphate with | 
impurities of hematite (iron oxide, Fe;03, and | 
perhaps with additional minute quantities of | 
corundum (aluminium oxide, Al203). 

Red gypsum scores only 2 on the Mohs Scale of 
hardness. It is chemically resilient, being able to 
withstand immersion in 5 per cent solutions of nitric 
acid (HNO3) and caustic soda (sodium hydroxide, 
NaOH). Red gypsum is also capable of resisting 5 
atmospheres of pressure at 180°C for two hours. 


4 Red gypsum is common and occurs widely as an 
industrial waste. Among the main sources of the 
mineral are Indonesia, which produces over 300,000 
tonnes of it annually, and Britain (around 125,000 
tonnes a year). It may also be seen in mounds near 
mining complexes in the world's main ilmenite- 
producing nations - Canada, China, Norway and 
South Africa. Further supplies of red gypsum may 
be expected from the Ivory Coast, Madagascar, 

Mozambique and Senegal, which have recently 
begun to mine ilmenite. 


Red coloured gypsum often forms in 
sheets and layers among clay and other 
fine-grained sedimentary strata. 
Perhaps gypsum's most useful 
identification feature is its softness: gypsum 
defines point 2 on the Mohs Scale and can easily 
be marked with a fingernail. With a density of 
only 2.3, gypsum is less heavy than average and 
a specimen will feel noticeably light when handled. 


Descloizite is a fairly rare 
mineral which is an ore of 
the metal vanadium. 
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escloizite is usually brown but some specimens 
may be brownish black or reddish brown. It 
was first identified as a mineral in its own 
right in 1854 and named after Alfred des Cloizeaux, 
a 19th-century French mineralogist who conducted 
extensive research into it. 
Descloizite has a wide variety of shapes. 
Its crystals may be plate-like, prismatic, 
pyramidal or tabular. It also sometimes occurs 
as crusts and stalactitic, fibrous, botryoidal 
(grape-like), granular, or plumose (feather- 
like) specimens. Descloizite may be found 
in association with minerals such as 
vanadinite and wulfenite. 


Solid solution series 
Another mineral with which descloizite is often 
associated is mottramite. This hydrous vanadate 
of lead, which contains more copper than zinc, is very 
similar to descloizite (a hydrous vanadate of lead which ^ A An attractive aggregate of descloizite crystals. 

contains more zinc than copper). Indeed, the minerals — i 
are the two end members of a solid solution series in ORIGINS and DISTRIBUTION & “6 a 
which mottramite' copper is gradually replaced by i S Ness B 
zinc, and vice versa. - Descloizite is a fairly rare secondary mineral which 
forms through the oxidation of lead, zinc and copper 
ore deposits. It is associated with calcite, cerussite, 
mimetite, mottramite, pyromorphite, vanadinite 

and wulfenite. 

Descloizite is found in many parts of the world. 
Some of the finest specimens have been found in 
the Sierra de Cordoba (Argentina). Other localities 
include Obir, Carinthia (Austria); Baden (Germany); 

in the crusty lavas around Mount Vesuvius and at 
Bena de Padru, Sardinia (Italy); San Luis Potosi 
(Mexico); Otavi and Tsumeb (Namibia); and various 
parts of Zimbabwe. 

In the USA, there are significant deposits of 
descloizite in Bisbee (Arizona), Lake Valley (New 
Mexico) and outside Galena (South Dakota). r 
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4 Brown descloizite which has formed on the 
surface of rock and a wide variety of other 
minerals, including calcite and mottramite, 
its closest relative (Dem. Rep. Congo). 


Industrial mineral 


DESCLOIZITE 


Group: Vanadates 


Crystal system: Orthorhombic 
Chemical formula: Pb(Zn,Cu)V0,OH 
Hardness: 3-34 

Density: 6.24—6.26 

Cleavage: None 


Fracture: Uneven to conchoidal 


Colour: Brown, brownish black, reddish brown 


Streak: Orange to reddish brown 


Lustre: Vitreous to greasy 


Fluorescence: None 


> Vitreous, brown 
descloizite crystals from 
Broken Hill, Zambia. 


A Descloizite with libethenite and mottramite. The latter 
is a mineral with which descloizite is commonly found 
and one of its closest relatives. 


Uses 

Wherever it occurs in sufficient quantities, descloizite 
is mined industrially for its vanadium content. This 
metallic element is extracted from the mineral by 
heating in two stages — once on its own to obtain 
vanadium oxide and then again with calcium to 
reduce the oxide to pure metal. 


minerals. Each molecule contains the metallic 
elements lead, zinc, copper and vanadium, together 
with oxygen. Four atoms of this non-metal are linked 
with a single vanadium atom to form the vanadate 
radical (VO,), while a fifth is linked with hydrogen in 
a hydroxyl radical (OH). 

Crystals of descloizite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length but — 
are all at right angles to each other. The crystals may | 
occur in a variety of different shapes. 


Vanadium is used to strengthen a large number of 
alloy steels and is an important component of high- 
speed drill bits. Other ores of this metal are carnotite 
(a hydrated vanadate of potassium and uranium) and 
vanadinite (lead vanadate chloride). 


Tests 

Descloizite is soluble in both hydrochloric acid and 
nitric acid. It melts (fuses) easily when placed in an 
open flame. 


Treatment 
Descloizite contains lead and vanadium and is 
therefore poisonous. Consequently, it must be kept in 
a sealed container and handled only with gloves. 

It should be cleaned only with distilled water — 
ordinary tap water contains impurities which may 
damage the delicate crystal surfaces. 
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Zw Diaboléite is 
" a very rare 
= blue mineral 
containing lead 

and copper. 


iaboléite is deep blue 
in colour. Its name is 
a combination of the 
Greek prefix dia, meaning 
‘apart’, and the word ‘boléite’, 
a superficially similar hydrated 
halide of silver, lead and copper. 
Diaboléite and other minerals 
in which metals are combined 
with the halogen elements — 
bromine, chlorine, fluorine and 
iodine — are classified as halides. 
The closely related boléite is 
a hydrated halide of lead, silver 
and copper named after its 
type locality at Boleo in Baja 
California (Mexico). Although 
diaboléite features many of the 
same chemical elements as 
boléite, it contains neither silver 
nor water of crystallisation. 
Diaboléite is found in association with boléite 
and other lead- and copper-bearing minerals, 
including cerussite (lead carbonate) and linarite 
(lead copper sulphate). 


A Diaboléite in association with linarite. In spite of their different chemical 
compositions and different crystal symmetry, there are many similarities 
between the two minerals. 


ORIGINS and DISTRIBUTION ( (€ 


boléite is a rare secondary mineral which is found 
ically in the oxidised zones of ores containing 
both copper and lead. It is formed when fluids rise 
from inside the Earth and react with pre-existent 
(primary) minerals on or near the surface. 

The classic source (type locality) of diaboléite is at 
Higher Pitts Farm, Wookey, Somerset (England), and 
specimens from here are used to test any new finds 
for authenticity. Elsewhere, excellent small crystals 
have been found in the Seh Changi Mine (Iran). In the 
USA, diaboléite occurs in the mines at Mammoth and 
Rowley (Arizona). 


4 The Mendip Hills, Somerset (England). The classic 
location (type locality) of diaboléite is in a now defunct 
mine on a farm near the spot where this picture was 
taken. It is one of only about half a dozen locations in 
which the mineral has ever been found. 


Rare mineral 


_ CHARACTERISTICS 
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Diaboléite is a member of the halide group of 
minerals. Each molecule is composed of two atoms 
of lead, one atom of copper, two atoms of chlorine 
and four molecules of the hydroxyl radical (chemical 
formula OH). 

Crystals of diaboléite conform to the 
tetragonal system of symmetry, in which the three 
crystallographic axes are all at right angles to each 
other, but only two are equal in length. The crystals 
often occur in the shape of square tabletops. Other 
specimens may be massive, granular or aggregates 
of thin plates. 

As a lead-bearing mineral, diaboléite is rather 
heavy - any given specimen weighs just under five 
and a half times more than the equivalent volume of 
water at room temperature. 

When subjected to pressure, diaboléite breaks off 
cleanly along its weakest planes: in scientific terms, it 
is said to display perfect cleavage. 

Freshly extracted diaboléite has a glassy sheen 
(vitreous lustre), but this may fade on prolonged 
exposure to the air. 


4 Crystals of cerussite, like these, may sometimes have 


tiny blue crystals of diaboléite attached to their surfaces. 
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Although diaboléite has no attached water of 
crystallisation, it does contain hydrogen and oxygen. 
When it is heated, these elements are driven off in the 
form of water. 

Diaboléite may be distinguished from boléite by 
testing for silver or by analysis of its crystal shapes — 
boléite conforms to the cubic system, while crystals of 
diaboléite are tetragonal. Diaboléite has a hardness of 
2%, whereas boléite registers 3—3% on the Mohs Scale 
of hardness, and diaboléite is slightly denser, at 5.42, 
than boléite (5.05). 


DIABOLEITE 


Group: Halides 


Crystal system: Tetragonal 
Chemical formula: Pb,CuCl,(0H), 
Hardness: 27 

Density: 5.42 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Deep blue 
Streak: Pale blue 
Lustre: Vitreous 


Fluorescence: None 


Y Diaboléite in association with other lead- and copper- 
bearing minerals. This specimen was found at the 
Rowley Mine in Maricopa County, Arizona (USA). 
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!Pentlandite 


Pentlandite is one of the 
world's principal industrial 
sources of nickel. 
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entlandite is a bronze yellow colour. It was 

confirmed as a distinct mineral in 1856 and 

named in honour of J.B. Pentland (1797—1873), 
the Irish scientist who discovered it. 

Pentlandite is a relatively soft mineral, being far less 
hard than many other metal-bearing minerals. Pyrite, 
for example, has a hardness of 6% but pentlandite 
scores only 34 on the Mohs Scale of hardness. It is 
an opaque mineral, which has no cleavage, but when 
broken exhibits an uneven or conchoidal fracture. 

Pentlandite is one of the most important ores 
of nickel. Others are garnierite, millerite, nickelite 
and pyrrhotite. 


Ê The Mond process 
In the late 19th century a British-German chemist 
named Ludwig Mond (1839-1909) developed a 


> Bronze yellow pentlandite is commonly interspersed 
with crystals of reddish nickelite (nickel arsenide). 


v Amass of pentlandite crystals, each about 2mm in 
diameter, from the Nepan Mine, Kambalda (Australia). 
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—Pentlandite occurs mainly in basic igneous rocks 
such as dolerite, gabbro and norite, where it forms 
through the gradual segregation of minerals in the 
cooling of magma. It occurs as intergrowths with 
other minerals and is commonly found in association 
with minerals such as chalcopyrite (copper iron 
sulphide), millerite (nickel sulphide), nickelite (nickel 
arsenide), pyrite (iron sulphide) and pyrrhotite (iron 
sulphide with up to 5 per cent nickel). 

The most important industrial sources of 
pentlandite are found in the following locations - 
worldwide: Kambalda, Western Australia (Australia); 
Sudbury, Ontario (Canada); Boda (Norway); the 
Bushveld region (South Africa). Although not - 
common in the USA, pentlandite deposits are mined 
on Yakobi Island (Alaska), in Clark County (Nevada) and 

"in San Diego County (California). It is also found in the 
states of Colorado, Montana and Washington. _ 


Industrial mineral 


A The yellow specks on the surface of this igneous 
rock are neither gold nor pyrite, but the superficially 
similar pentlandite. 


v Pentlandite is commonly found as intergrowths with 
related minerals such as chalcopyrite and pyrite. 


Pentlandite is a member of the sulphide group of 
minerals, each molecule being composed of nine 
atoms of iron, nine atoms of nickel and eight atoms 
of sulphur. 

Pentlandite is light bronze yellow in colour, but 
when reduced to powder, the colour (streak) is 
bronze brown. It displays a metallic lustre. 
Pentlandite is not very hard, scoring only 3% on the 
Mohs Scale of hardness. 

Crystals of pentlandite conform to the cubic 
system of symmetry. However, pentlandite almost 
always occurs as specimens with no particular shape 
(massive habit) or as tiny grains. 

Pentlandite is fairly dense, weighing between 4.6 
and 5 times more than the equivalent volume of 
water at room temperature. 


Group: Sulphides 
Crystal system: Cubic 


Chemical formula: (Fe,Ni)sS; 
Hardness: 37 

Density: 4.6—5.0 

Cleavage: None 


Fracture: Conchoidal 


Colour: Bronze yellow 


Streak: Bronze brown 


Lustre: Metallic 


Fluorescence: None 


method for extracting nickel from its 
ores. This involved passing carbon 
monoxide gas over the crushed and 
smelted nickel ore, which produced 
nickel carbonyl. This was then 
processed to yield nickel. 


Uses of nickel 

The main use of nickel is as an alloy 
with steel to form stainless steel, which 
has a very wide range of applications. 
It is also alloyed with various other 
metals. Another use of nickel is for 
electroplating — also known as nickel 
plating. Nickel is also a component 

of the coinage of many countries. 


Tests and treatment 
Pendandite has a low melting point 
and it melts (fuses) very easily in an 
open flame. It is soluble in nitric acid, 
but can be cleaned — with care — using 
dilute hydrochloric acid. 


GROUNDWORK 


On the mineral trail: 
Democratic Republic of the Congo 


The Democratic 
Republic of the 
Congo occupies an 
area Of 2,345,409 sq. 
km in central Africa. 


GEOGRAPHICAL AREAS OF THE 
DEMOCRATIC REPUBLIC OF THE CONGO 


CENTRAL AFRICAN REPUBLIC 
SUDAN 


Major mineral 
deposits 


774 


s 


£D Tumba 


It is connected to 
the Atlantic Ocean 
by a narrow strip 
of land, and the 
surrounding nations 
are the Congo, the 
Central African 
Republic, Sudan, 
Uganda, Rwanda, 
Burundi, Tanzania, 
Zambia and Angola. 


he Democratic 
Republic of the 
Congo is one of 


the most mineral-rich 
nations in the world. The 
country also contains vast 
energy resources (water 
power, petroleum and 
natural gas) which are 
only just beginning to be 
exploited. The Democratic 
Republic of the Congo is also the world's leading 
producer of industrial diamonds and cobalt as well 
as a leading supplier of copper. Mineral production 
dominates the country's export trade. 

The main geographical feature of the country is the 
Congo river basin. This makes up the entire central 
region, which is essentially a vast depression sloping 
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4 A view from the shore 
of Lake Mwero in the 
south of the country. 


upwards on all sides 
into plateaux and 
mountain ranges. 


The mountains 

The highest mountain 

group, to be found on 
the eastern border, is the Mitumba range with peaks 
above 4877m. 

In the southeast, the river basin is bordered by 
rugged mountain country called the Shaba, or 
Katanga, Plateau. This region, which is 1220m above 
sea level, contains rich copper fields as well as uranium 
ores and other mineral deposits. 


Democratic Republic of the Congo 
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On the mineral trail 


A The Congo River flows for 4700km from its source in 
Zambia. Its drainage basin takes in almost all of the 
present-day Democratic Republic of the Congo. 


Mineral wealth 
The mineral deposits of the Democratic Republic of 
the Congo are the country’s chief economic resource. 

Most minerals are found in the Shaba region 
(‘Shaba’ is Swahili for ‘copper’). In addition to copper, 
the minerals extracted here include cassiterite (the 
chief source of tin), germanium, silver and gold. Also 
found here are the metals cobalt, zinc, cadmium, 
palladium and platinum. 

The area to the west of Lake Kivu is rich in 
cassiterite, wolframite (a source of tungsten), beryl, 
gold and monazite. Industrial diamonds and iron ore 
are found in the south central region of the country. 

In the northeast, the country is rich in gold, coal 
and iron ore, while further deposits of gold, monazite 


and diamonds are found in the northwest. Coastal 
areas contain bauxite and gold. 


Mining 

Valuable minerals have been extracted from the Earth 
in the Democratic Republic of the Congo since at 
least the 10th century. In the early 1990s the country 
was producing one third of all the world's industrial 
diamonds and half the world's cobalt. However, civil 
war severely disrupted production, although the 
country is still one of the largest exporters of 
diamonds in the world. All the nation's mineral 
extraction, processing and marketing activities are 
controlled by a state-owned monopoly called Générale 
des Carrières et des Mines (/Gécamines). 


Diamonds 

The Kasai region around the town of Mbuji-Mayi is 
the world's main source of industrial diamonds: in the 
late 1980s, 18.3 million carats were being mined here 
every year. Some gem diamonds were also extracted. 


Copper 

In the late 1980s, 438,000 tonnes of copper (6 per 
cent of the world's total output) were being produced 
annually in the Shaba region in an area known as the 
‘Copper Belt’. However, in 2002 production had 
dropped to about 20,000 tonnes. There are important 
copper processing centres at the provincial towns of 


Lubumbashi, Likasi and Kolwezi. 


v Mount Rwenzori (5109m), on the border with Uganda, 
is the third highest mountain in Africa. 


DISCOVERY a 


Mineral ores 


Mineral ores are sources of raw materials which are of considerable 
economic significance. Usually they are minerals rich in metals, and the term ‘ore’ 
has in the past been restricted to metal-bearing rocks and minerals. 

The term is now more widely used and minerals bearing useful non-metallic 
elements are now also considered to be ores. 


ost metal-rich mineral ores are in the form of 
Meets or oxides. These occur in a variety 

of situations but usually in mineral veins, 
formed when hot water-rich fluids, filled with 
chemical elements, rise into fractures in the Earth’s 
crust. The following are among the most important 


geological processes which lead to the formation of 
some of the most industrially valuable minerals. 


Underground processes 

The underground processes by which mineral ores are 
created are known as magmatic segregation, contact 
metasomatism, hydrothermal deposition and 
pegmatite formation. 


Magmatic segregation 

Magma is the starting point of the rock cycle and 

as such it is the basic component of most geological 
material on Earth. When magma begins to cool 
down and crystallise, some of the earliest minerals to 
solidify out of it are chromite (an ore of chromium), 
ilmenite and magnetite (both sources of iron). Rocks 
which have been created in this way are said to form 
by magmatic segregation: one of the world’s finest 
examples is the magnetite-rich Bushveld gabbro 
intrusion in South Africa. 


Contact metasomatism 

Metasomatism is the process by which the 
composition of a rock or mineral is altered through 
the addition or replacement of chemicals. Contact 
metasomatism can occur when magmas give off water 
rich in chloride and fluoride ions. These ions react 
with and replace pre-existent minerals in the 
surrounding igneous rocks. Deposits formed in this 
way are small but often contain valuable mineral ores, 
including sulphides of copper, lead and zinc. One of 
the most famous metasomatic mineral deposits is at 


Iron Springs, Utah (USA). 


Hydrothermal deposition 

Hydrothermal deposits are formed from salty solutions 
called brines at temperatures of up to about 600°C. 
The brines may deposit mineral veins as they seep 
along joints or fault planes. The abundant ore deposits 
in the Pennines and the Peak District (England) are 
fine examples of geological features created by 
circulating briny groundwater. 


A These galena crystals show typical cubic crystal 
habit. The dark associated mineral is sphalerite. 


<A pale brown vein of tungsten-bearing 
mineral in rock which has been altered by 
contact metamorphism. 
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Mineral ores 


DISCOVERY 


Pegmatite formation 

Magma rich in water eventually crystallises into 
pegmatite veins. Pegmatites are igneous rocks which 
mainly contain quartz and feldspar minerals, plus 
rare and valuable minerals such as beryl, cassiterite, 
uraninite and zircon. 


Surface processes 

Although the composition of some rocks is determined 
by what happens to them while they are inside the 
Earth, the make-up of others is affected by surface 
conditions. These rocks are categorised as sedimentary 
deposits, placer deposits, residuals and deposits of 
secondary enrichment. 


Sedimentary rocks 

Some sedimentary rocks are formed by the 

chemical precipitation of minerals among their grains. 
Sandstone, for example, can contain iron oxides which 
have proved to be valuable ore deposits in many parts 
of the world, including Canada, Africa and Australia. 
Evaporite deposits such as rock salt and rock gypsum, 
formed by the precipitation of mineral salts, are also 
important ore bodies. Most of the world's iron comes 
from precipitated ores, the most important deposits of 
which are found in Australia, Brazil and around Lake 


Superior (Canada and USA). 


Placer deposits 

Certain minerals that are dense or very resistant to 
weathering and erosion may be removed from their 
original place of formation and concentrated by 
running water in sedimentary deposits called placers. 
Heavy metals like iron and gold, as well as hard 
minerals like ruby, can occur in such deposits. 


4 Dendritic gold on calcite from Hope's Nose, near 
Torquay, Devon (England). Gold is a dense native 
element which usually occurs in tiny quantities; 
industrial sources are found in areas where it has 
formed as a placer deposit in relatively large 
concentrations. The world's most important gold fields 
are in Africa, Australia, Canada, Russia and the USA. 


A A specimen of malachite, a mineral which forms 

in deposits of secondary enrichment in the oxidation 
zones of copper deposits. It is important to prospectors 
because its colour gives a clue to the presence of large 
copper deposits nearby. 


Residuals 

Chemical weathering removes soluble materials from 
rocks, leaving behind insoluble residual deposits 
which may be sufficiently rich in metals to constitute 
workable ores. Ores of aluminium, iron and silicon 
are particularly likely to form in this way, because 
their compounds are often insoluble. The bauxite in 


Jamaica is one of the world’s most important residual 


ore deposits. 

Ores of secondary enrichment form when soluble 
elements are removed from the upper parts of a 
mineral deposit by percolating liquid — a process 
known as leaching. These elements are then 
precipitated at a lower level. The abundant copper 
deposits in Arizona (USA) are of this type. 


hen a river enters a lake or sea, it loses 

some of its speed and capacity to carry 

sediment. The material it then deposits is 
accumulated and compacted over a long period to 
form new land around the mouth of the river. 


Famous examples 
The world's largest deltas are all coastal — where the 
River Danube enters the Black Sea (Romania), where 
the Mississippi reaches the Gulf of Mexico (USA), and 
where the Nile flows into the Mediterranean (Egypt). 
Nevertheless, even the smallest streams may 
deposit enough sediment to form new land, which juts 
forward into the lake or sea beyond the line of the old 
bank or coast. 


Many channels 

During this process, numerous separate streams 
(distributary channels) are formed within the delta, 
together with a network of raised banks (levées), small 


DISCOVERY LE 


Deltas 


A delta is a deposit of sediment which forms at the mouth of a stream or river 
at the point where it enters a lake or the sea. It takes its name from its classic shape, 
which - when viewed from above - resembles the Greek letter A (delta). 


A Sedimentary rocks formed from deltas are often 
cross-bedded. This fine example may be seen in rocks 
near Whitby, Yorkshire (England). 


AA This lake in a deep valley is beginning to fill with 
sediment as a tributary river entering from the right 
builds up a delta of alluvium (Philippines). 
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Deltas 


A The Ullapool delta 
jutting out into Loch 
Broom (Scotland). Much 
of the outcrop of land on 
which the fishing village 
stands was formed from 
sediment carried by rivers 
to the coast. 


> This sandstone cliff in 
Yorkshire (England) has 
been weathered to expose 
its distinctive bedding. 
Sandstones are one of the 
most important products 
of deltaic sedimentation. 


creeks, lagoons and marshes. The layout of most deltas 
is therefore very complicated, and their plan resembles 
the idealised ‘A’ shape only in the sketchiest outline. 

Deltas provide fertile soil and are often the home of 
a wide range of luxuriant vegetation. 


Composition 

The type of rock that results from deltaic 
sedimentation is enormously varied but includes 
sandstones, mudstones, shales, impure limestones and 
conglomerates. Peat beds, which eventually form coal, 
are another characteristic feature — the vast coal 
deposits which accumulated over much of North 


America and Europe during the Carboniferous Period 
are the remains of deltaic growth. 


Concealed riches 
Deltas have been a particular focus of study in recent 
years because their sandstones have been found to be 
important and capacious reservoirs of natural gas and 
oil. Many of the world's greatest oil fields — including & 
those in Nigeria and the southern USA — occur in rocks 
which were originally deposited as deltaic sediments. 

These sediments may be thousands of metres thick, 
especially when they form on coastlines which have not 
been forced (subducted) beneath tectonic plates. 
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Lepidolite is a source of lithium 

and contains small amounts of 

rubidium, an element used in 
the radiometric dating of rocks. 


colourless. The name is derived from /epis, the 

Greek word for ‘scale’, a reference to 
the characteristically flaky appearance of many 
specimens of lepidolite. 

Lepidolite — which is sometimes known by 

the alternative name of lithium mica — belongs ; 
to the mica group of silicate minerals and is an A An aggregate 
important source of lithium. Lithium is a rare of lepidolite. 
metallic element used in the manufacture of alloys, 


batteries, glass and ceramics. FACT FILE 
Radioactive dating LEPIDOLITE 


Lepidolite is one of the very few minerals which Group: Silicates 
contain impurities of rubidium. This makes it very Crystal system: Monoclinic 
Chemical formula: K(Li, AI) (Si, Al),O;4(F,OH); 
Hardness: 24-3 
Density: 2.8-3.3 
Cleavage: Perfect 
Fracture: Uneven 
Colour: Pink, purple, grey, white, colourless 
Streak: Colourless 
Lustre: Pearly 
Fluorescence: None 


| epidolite may be pink, purple, grey, white or 


4 A highly magnified 
specimen of lepidolite 
from Brazil. The 
sheet-like (lamellar) 
habit is typical of mica 
group minerals. 


important in rubidium-strontium dating, a method of 
analysing the age of rocks based on the rate at which 
the radio-isotope rubidium-87 decays into the stable 
isotope strontium-87. From the ratio of the two 
isotopes, scientists can calculate the age of the rock. 
(For a detailed account of radioactive dating, see 


The Story of the Earth 59.) 


The cut 


Specimens of lepidolite are occasionally fashioned into 
decorative shapes. These are not strong enough to be 
used in jewellery but are carved or cut into smooth, 
domed cabochons for display. 


Tests and treatment 

Lepidolite colours a flame red because of its lithium 
content. It is insoluble in acids and thus impurities 
may be removed using dilute acid without damaging 
the crystal surfaces. 


A> Both these crystalline 
aggregates of pink 
lepidolite were found in 
Brazil. The white mineral 
which forms the base 
(matrix) beneath each 
specimen is feldspar. 


MINERALS 


re epidolite occurs in rocks that originally formed as a 


Lepidolite is a member of the silicate group of 
minerals. Each molecule contains the metals 
potassium, lithium and aluminium together with the 
non-metals silicon, oxygen, fluorine and hydrogen. 
There may also be impurities of the metal rubidium. 

Crystals of lepidolite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. They commonly 
occur in flat, sheet-like aggregates. Lepidolite often 
takes the form of small flakes. 

Like all micas, lepidolite is a fairly soft mineral, 
scoring only 27-3 on the Mohs Scale of hardness. 
Some specimens may be scratched with a fingernail. 
It has an average density, weighing 2.8-3.3 times 
more than an equal volume of water at normal 
room temperature. 
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result of igneous activity deep beneath the surface of 
the Earth (igneous rocks). It is particularly common in 
acidic igneous rocks, such as granite and pegmatite. 

The minerals with which lepidolite is most 
commonly associated are amblygonite, spodumene 
and tourmaline. It may also occur in veins that are 
rich in tin. 

The following locations are important sources of 
lepidolite: Manitoba (Canada), Rozna (Czech Republic), 
Livorno (Italy), Japan, Madagascar, Mozambique and 
Utö (Sweden). In the USA, lepidolite is found in Pala 
(California), at the Brown Derby Mine (Colorado) and 
in many parts of Connecticut, Maine and New Mexico. 


Arfvedsonite is a sodium 

and iron silicate which is 

a member of the 
amphibole group of minerals. 


rfvedsonite is black 
or greenish black. It 
was first discovered 
in the early part of the 
19th century and named 
after J.A. Arfvedson 
(1792-1841), the Swedish 
chemist who helped to identify 
it as a distinct mineral. 
Arfvedsonite is a silicate in 
which the constituent atoms 
are bonded in chains. This is a 


typical atomic structure for the 
amphibole group of silicate 
minerals. Arfvedsonite has crystal 


A Arfvedsonite with a radiating fibrous habit. This 
specimen was found at llimaussaq (Greenland), near 


the type locality of this mineral. 
am 
SER 


is a member of the silicate group of 
minerals. Each molecule contains three atoms of 
sodium, five atoms of iron, eight atoms of silicon, 22 
atoms of oxygen and two molecules of the hydroxyl 
radical (chemical formula OH). 

Crystals of arfvedsonite conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any other. 
They often occur in prismatic or tabular shapes. 

Despite its greenish or black appearance, when 
arfvedsonite is rubbed along unglazed, white 
porcelain, the mineral reveals a bluish grey streak: 
this is the colour that all specimens would be if they 
were reduced to powder. 


4 Arfvedsonite is a dark, opaque mineral 
which typically occurs as crystalline 
aggregates. Note the glassy sheen (vitreous 
lustre) in this close-up view. 
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Widespread mineral | 


symmetry which conforms to the monoclinic crystal 
system, in common with the majority of amphiboles. 


Amphibole mineral 

Arfvedsonite is an amphibole mineral, one of a large 
group of silicates. The crystals of most amphibole 
minerals conform to the monoclinic system of 
symmetry. Arfvedsonite is a monoclinic mineral, as are 
the closely related amphiboles actinolite, glaucophane, 
hornblende, riebeckite and tremolite. 

In common with many minerals classified in the 
monoclinic crystal system, arfvedsonite usually forms 
as slender, elongated prismatic crystals, though tabular 
shapes can also be found. Its hardness of between 5 
and 6 on the Mohs Scale is also typical of related 
amphiboles, as is its dark green colour. Indeed, it is 
often rather difficult to distinguish one amphibole 
from another unless detailed tests are carried out. 


Tests and treatment 

When arfvedsonite is placed in an open flame, it 
melts (fuses) easily to produce a black glass which is 
magnetic because of its iron content. Arfvedsonite is 
insoluble in acids and these liquids may thus be used 
to remove unwanted surface impurities without 
damaging the delicate crystals. 


Y Nepheline syenite from Ben Loyal, Sutherland 
(Scotland). This igneous rock is one of the most 
abundant sources of arfvedsonite, a widespread 
amphibole mineral which also occurs in some closely 
related pegmatites and sometimes - more rarely - in 
certain metamorphic schistose rocks. 


ORIGINS and DISTRIBUTION &% a 


"Arfvedsonite occurs in a wide range of igneous rocks, 
especially iron-rich syenites. It is also found in some 
schists and other metamorphic rocks. 

The classic location (type locality) of arfvedsonite 
is at Kangerdluarsuk (Greenland); it also occurs on the 
same island near Ilimaussaq. 

In other parts of the world, arfvedsonite has 
been found in the following locations: Mont Saint- 
Hilaire, Quebec (Canada); Kiihtelysvaara (Finland); 
around Oslo (Norway); the Kola Peninsula (Russia); 
and Mariupol (Ukraine). In the USA, arfvedsonite has 
also been found at Boulder (Colorado) and Red Hill 
(New Hampshire). 


Pract rite i 


ARFVEDSONITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Na;(Fe,Mg),FeSis0.(0H), 
Hardness: 5-6 

Density: 3.37-3.50 

Cleavage: Perfect 


Fracture: Uneven 
Colour: Black, greenish black 
Streak: Dark bluish grey 


Lustre: Vitreous 


Fluorescence: None 


phlogopos, meaning 'fiery'. 


Phlogopite is a mica, one of a group of 


Phlogopite is a mica and one 
of the finest naturally occurring 
electrical insulators. 


'W hlogopite may be brown, yellowish brown, 
i JF brownish red, greenish, white or colourless. Its 
A English name is derived from the Greek 


minerals which are distinguished from other 
silicates by the sheet-like framework of their 


internal molecular structure. 


Because of this sheet arrangement of its 
constituent atoms, phlogopite (in common with all 
micas which share this atomic structure) has a very 
good cleavage. This causes specimens of the mineral 
to split into thin layers, as the bonding between the 
sheets of atoms is weaker than that which joins the 
atoms together within the sheets. 


Light and dark micas 


The mica group of minerals can be broadly divided 


into the dark-coloured and light- coloured micas. 
Muscovite and related micas are usually pale-coloured, 


4 A large, plate-like crystal of phlogopite. Although 
specimens such as this are clearly six-sided, scientists 
are always careful to describe their shape as ‘pseudo- | 
hexagonal’ rather than ‘hexagonal’: 
implication that the atomic structure conforms to the 
hexagonal system of symmetry. (Crystals of phlogopite 


are, in fact, monoclinic.) 


Group: Silicates 


PHLOGOPITE 


this is to avoid the 


Crystal system: Monoclinic | 


Chemical formula: KMg;AlISi;0 io(F,OH)2 


Hardness: 2-27 


Density: 2.76—2.90 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Brown, yellowish brown, brownish 
red, greenish, white, colourless 


Streak: Colourless 


Lustre: Pearly 


Fluorescence: None 


4 A close-up of a typical specimen 

of phlogopite from the Massif Central | 
(France). Note the irregular fracture | 
lines and the sheen, which resembles — | 
that of a pearl: in scientific terms, this 

is described as ‘pearly lustre’. | 
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Widespread mineral 


| while biotite and phlogopite are dark in colour. 

| Biotite is black or dark brown and phlogopite is 
generally yellowish brown or reddish brown. 
Muscovite mica is usually white or colourless, though 
it can also be other colours. 


| Scale. When handled, micas leave small glittery flakes 

| on the hands - these flakes are minute cleavage 

| fragments. Phlogopite can be distinguished from 
smen ) à; e 

other micas mainly by its colour. 


Tests and treatment 

Although phlogopite dissolves quite easily in 

| concentrated sulphuric acid, it is insoluble in dilute 
| acids which may therefore be used to remove 
unwanted impurities without damaging the crystal 
surfaces. The same is also true of biotite. However, 
while phlogopite is usually yellowish or reddish 
brown, biotite may be black, brown or 
green, black being the most 
common colour. 


> A hand specimen 

of deep brown 

phlogopite. 

| Note the clearly 

| visible planes 
of cleavage: 

| ifthemineral 

| is subjected to 

| pressure, it will break off 

| along its weakest structural lines to 
form shapes which resemble flat plates. 


A A six-sided crystal of phlogopite. Such crystals 
sometimes measure up to 2m in diameter. 


» These platy crystals of phlogopite have grown 
together in a stack-like formation. 


.Phlogopite occurs in ultrabasic igneous rocks and 

magnesium-rich metamorphosed limestones. 
Phlogopite is found in the following 

locations: Australia; Minas Gerais (Brazil); Ontario 

(Canada); Pargas (Finland); Greenland; India; 

Campolongo, Novara and Sondrio (Italy); Madagascar; 

New Zealand; Norway; IImen Mountains (Russia); 

Sri Lanka; Sweden; the USA and many other 

places worldwide. 


Eine : 
Phlogopite is a member of the silicate group of | 
minerals. Each molecule contains one atom of | 
potassium, three atoms of magnesium, one atom of | 
aluminium, three atoms of silicon and 10 atoms of 
oxygen, together with two atoms of fluorine and two 
molecules of the hydroxyl radical 
(chemical formula OH). 

Crystals of phlogopite 
conform to the monoclinic 
system of symmetry in which no 
crystallographic axis is the same 
length as any other. They take 
the form of six-sided prisms and 
also occur as aggregates of scales 
or plates, the largest of which may 
be more than 2m in diameter. 
Phlogopite is a very soft mineral, 
scoring only 2-27 on the Mohs Scale of — 
hardness: it may be scratched quite | 
easily with a fingernail. | 


Riebeckite is of interest to 
mineral collectors. The fibrous 
variety is called crocidolite. 


iebeckite is dark blue or black — the more 
iron it contains, the darker the specimen. 
It is named after the German traveller 
E. Riebeck (1853—1885). 

Riebeckite is closely related to glaucophane — 
both minerals are silicates which are classified in 
the amphibole group. 


Uses 

One variety of riebeckite occurs as masses of long, 
thin strands. This fibrous form — which is known as 
crocidolite — is one of several fibrous amphibole 
minerals known as ‘asbestos’. The most widely used 
of these was chrysotile. Asbestos was widely used as 
an insulating and fireproofing material until it was 
found to cause lung cancer in humans who inhaled 
its tiny particles. 


. Riebeckite is a member of the silicate group of 
minerals. Each molecule contains two atoms of 
sodium, five atoms of iron, three atoms of 
magnesium, eight atoms of silicon, 22 atoms of 
oxygen and two molecules of the hydroxyl radical 
(chemical formula OH). The amount of iron varies 
from specimen to specimen, and this may affect the 
colour of the mineral. 

Crystals of riebeckite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. They may occur 
in long, prismatic shapes with parallel grooves 
(striations). Many specimens, however, take the 
form of massive aggregates or fibrous strands 
of asbestos. 

Riebeckite is of medium hardness, scoring 5 on 
the Mohs Scale. 


Y A polished slab of crocidolite, the asbestiform 
variety of riebeckite. 
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Widespread mineral 


The fibrous crocidolite is sometimes used to make 


cat’s eye jewellery. 


Tests and treatment 
Riebeckite is very difficult to differentiate from the 
closely related glaucophane without detailed tests to 


A Crocidolite, the fibrous 
form of riebeckite. 


> Microsyenite - one of 
the most important 

of the igneous rocks in 
which riebeckite is 
typically found. 


Y A specimen of 
crocidolite clearly 
showing the long 
thin fibres which 
are elastic and easily 
spun (South Africa). 


RIEBECKITE o 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: Na,(Fe,Mg)3Fe,Sis02.(0H), 
Hardness: 5 

Density: 3.32-3.38 

Cleavage: Perfect 


Fracture: Uneven 
Colour: Dark blue, black 
Streak: Unknown 


Lustre: Vitreous to silky 


Fluorescence: None 


determine the presence or absence of aluminium, 
which is found in glaucophane but not in riebeckite. 
Although riebeckite (which scores 5 on the Mohs 
Scale of hardnesss) is discernibly softer than 
glaucophane (Mohs Scale 6), this test is not by 

itself scientifically conclusive. 
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- Riebeckite occurs in schists and other metamorphic 
rocks. It is also found in a wide range of igneous 
rocks, especially granites, pegmatites, rhyolites, 
syenites and trachytes. 

Some of the finest riebeckite has been found in 
the following locations worldwide: Australia; Brazil; 
Groix Island (France); Greenland; Doubrutscha 
(Romania); Sutherland (Scotland); South Africa; 
Galicia (Spain). 

In the USA, it is found in several places, including 
EI Paso County (Colorado), Quincy (Massachusetts) 
and Cumberland Hill (Rhode Island). 


Greece occupies 
an area of 
131,957 sq. km 
in southeast 
Europe. It is 
bounded in the 
north by Albania, 
Macedonia and 
Bulgaria, in the 
east by Turkey 
and in the south 
by the lonian 
Sea, the 
Mediterranean 
Sea and the 
Aegean Sea. 


Mediterranean Sea 


Ithough the greater part of Greece forms part 
Ae mainland Europe, the country also contains 

about 2000 islands, the largest of which is 
Crete. The whole region is geologically active — the 
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On the mineral 
trail: Greece 


BULGARIA 


cm m Heraklion 


A Mt Ida 


Major mineral 
deposits 


4 The Aegean island 
of Santorini, which 
has an active 
volcano. Indeed, 
the whole of 
Greece is subject to 
geological activity. 


most serious earthquake in recent times was in 
August 1953, when a series of tremors on the islands 
of Corfu and Zakynthos destroyed 90 per cent of the 
buildings and killed a total of 445 people. 
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The lie of the mainland 

Less than a quarter of mainland Greece is lowland - this 
is the coastal plain along the shore of the Aegean Sea. 
The interior of the country is dominated by the Pindus 
Mountains, which extend from the border with Albania to 
the Peloponnese. The highest mountain in Greece is 
Mount Olympus (2917m). 


Island groups 

The Greek islands are divided into two main groups 

according to their geographical position. To the west 

of the mainland lie the Ionian islands, which include 

Corfu and Zakynthos. To the east are the Aegean 

islands, which include Crete, Lesbos and Rhodes. 
Although Greece is poor by European standards, 


there has been considerable economic growth since 


» The mountainous 
landscape of Crete, which 
contains Mount Ida, the 
highest of the Cretan 
mountains. 


v Wind and sea erosion 
have exposed clearly 
layered (stratified) rock 
formations on Crete. 


the country became a member of the European 
Union in 1981. Two important industries are 
shipping and tourism, but the mineral industry 
also makes a significant contribution to the 
country's economy. 


Mineral and natural resources 
Greece's richest mining areas are in Euboea, 
the Peloponnese and Thessaly. Here, the most 
important mineral is bauxite (an ore of aluminium), 
and by 2000 Greece was producing over 3 million 
tonnes a year. Chromite, gold, iron ore, magnesite 
and silver are also mined. 

Other important natural resources include 
bentonite, feldspar, gypsum, lead, lignite, nickel, 
perlite, petroleum and zinc. 
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Aquifers 


Aquifers are bodies of rock which can hold water. They retain water themselves 
(are porous) and may have impermeable layers directly below them. 
They are sedimentary rocks, often limestones and sandstones. Aquifers are 
important to human settlements because they form vast underground reservoirs; 
sometimes the water in these rises to the surface, as a spring. 


porous rock is a rock which contains small 
spaces (pores) between its component grains or 
crystals. As a result, it may be able to store not 


only water but also a variety of other fluids, such as oil 
and brine. 


Porosity ratio 

The amount of fluid that may be stored in a rock 
depends on the volume of its internal voids: these are 
expresssed as percentages of the total volume of the 
rock itself. Limestones, for example, have a porosity 
ratio of between 5 and 25 per cent; sandstones 10— 
30 per cent; clays — which are generally the most 
absorbent and retentive of all rocks — may be 35-55 
per cent porous. 

By contrast, crystalline igneous and metamorphic 
rocks may have a porosity of virtually zero. In addition 
to having pore spaces between their grains, some 
sedimentary rocks may be able to hold water because 
they contain joints and/or bedding planes in which 
fluid may be stored. During diagenesis (which is the 
transformation of sedimentation to sedimentary rock), 
pores and joints may be infilled with cementing 
materials or become compacted, resulting in low levels 
of water retention. 


A Red sandstone 
(South Wales). This 
sedimentary rock has a 
high porosity ratio, and 
subterranean deposits 
are important aquifers. 


< Chalk of the Cretaceous 
Period is an important 
aquifer and the main 
source of tapwater for 
the people of London and 
southeast England. 
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Aquifers 


A This freshwater spring has 

been forced to the surface by 
pressure from its source in an 
underground aquifer (Austria). 


> A limestone valley at Upper 
Cressbrookdale, Derbyshire 
(England). The stream appearing 
at the surface has been created 
by upward pressure from a 
subterranean aquifer. 


Supply sources 

The water in an aquifer can 
come from a number of sources. 
Much of it is from rainfall and 
other types of precipitation (snow, hail, etc.); this 
water finds its way underground through joints, 

faults and bedding planes. In time some of this 

water is held in porous strata to form an aquifer. Other 
underground water may be trapped in sediments as 
they are buried, and then, under pressure, this can seep 
upwards into an aquifer. 


Monitoring systems 

It is possible to monitor the flow of underground 
water and to predict the rate at which an aquifer 

may be replenished. One method is to introduce a 
dye and follow its flow through the aquifer. Computer 
models may also be used: by these means, it has been 
calculated that water may take about 30—40 years to 
percolate only 10—15km. 


Typical locations 

In general, the older and more 
consolidated the underground 
rock strata, the less effective they 
are as aquifers. Major water- 
bearing rocks are usually of fairly 
recent formation in geological 
terms, being mainly of the 
Mesozoic and Cenozoic Eras. 
These rocks generally have good 
porosity and are not too deep 
below the surface of the Earth. 


Artesian basins 

Beneath London (England) the 
shallow syncline of chalk and 
related rocks has created a 
formation known as an artesian basin. In this type of 
structure — which is named after the basin of Artois in 
northeast France — the aquifer is confined by layers of 
clay which occur both above and below it. Although 
clay has previously been described as a highly porous 
rock, there is no contradiction here: clay which has 
been completely saturated can take in no more water 
and is thus impermeable. 

In some cases, water will rise under pressure 
through pipe bores drilled into the aquifer rock, but 
in some situations it may have to be pumped to the 
surface. The head of the water in the London artesian 
basin was originally sufficient to feed the fountains in 
Trafalgar Square. Now, however, excessive domestic 
and industrial use has altered conditions to such an 
extent that the aquifer levels are 80m below sea level. 


e Orogenesis 


Orogenesis is the scientific term for all the geological processes which 
culminate in the formation of a mountain range, such as the European Alps or 
the North American Rockies. The name derives from the Greek words oros, 
meaning ‘mountain’, and genesis, meaning 'creation'. 


sisauob0oJo 


4 The main body of Mount 
Santis (Switzerland) - a 
major peak in the 
European Alps - is made 
up of massive folds, the 
product of extensive 
mountain building. In 
the background are the 
Vorarlberg Mountains 
(Austria), products of the 
same period of orogeny. 


v The European Alps. The 
Alpine mountain-building 
(orogenic) episode was 
responsible for the 
uplifting and folding of 
sea-floor sediment that 
was originally horizontal. 
The immense power of 
orogenesis is shown in the 
size of the fold. 


rogenesis is the whole process of mountain 
e a period of mountain building is 
known as an orogeny. 

Orogenies may take millions of years to complete. 
For example, the Caledonian orogeny, which 
produced mountainous terrain across much of 
northern Britain, probably began about 700 million 
years ago and ended about 390 million years ago. 

Among the products of this orogeny are the hills 
of Cumbria (England). Although these are now little 
more than uplands, this is because they have been 
eroded since the completion of the orogeny, and it 
is known that they were once great mountains. 

Thus, an orogeny forms part of the continual 
reworking and movement of the Earth’s crust, and 


€ neither the start nor the finish of a period of Caledonian, the Hercynian and the Alpine — and five 
mountain building is a definite point in time. in North America. 
The enormous Alpine orogeny — which may still be 
Numerous examples continuing — has created a belt of mountains which 
During the last 700 million years, there are extends almost unbroken from the European Alps to 


known to have been three orogenies in Europe — the the Himalayas in Asia. 


Orogenesis 


A This thrust fault at 
Glencoul (Scotland) was 
formed by orogenic 
crustal compression. 


> A magnificent arched 
fold (anticline) in the 
Himalaya Mountains 
near Zanskaar (India). 


Tell-tale signs 

In the field, evidence of an orogeny is found in the 
presence of extensive deposits of metamorphic rocks 
such as gneiss, schist and slate; granitic intrusions; 
thick piles of volcanic rock; and highly faulted and 
folded strata. 

The initial phase of an orogeny is the 
deposition of a thick pile of sediment in a concave 
(downwarped) ocean basin known as a geosyncline. 
This sediment usually takes the form of mud and sand, 
and may be thousands of metres thick. 

As deposition progresses, the crust may warp 
beneath the weight of sediment, causing the margins 
of the zone to move closer together. In this way 
the deformation of sediment is begun, by folding 
and metamorphism. 


Deep alterations 

The sediments then usually undergo regional 
metamorphism of various grades of intensity. The 
deepest-lying rocks are contorted and altered the most, 
often into gneiss and schist. Such rocks may be altered 
and folded so much that the identity of the original 
sediment may be difficult to determine. Closer to the 
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margins of the orogenic zone there is less alteration, 
and slate usually forms here from pre-existent shales, 
greywackes and volcanic tuffs. As well as folding and 
faulting, thrusting takes place as masses of rock are 
pushed together. 


Dyke swarms 

As the crust becomes more and more distorted, 
fracturing occurs and igneous intrusions (dykes) are 
formed. Swarms of dykes may intrude the region. At a 
late stage in the orogeny, deep-lying (plutonic) masses, 
typically of granite, are formed in the mountain roots. 


Unending cycle 

Eventually, when the mountains have been created, 
erosion will once again take over as the main geological 
force at work. At this point, the rock cycle starts all 
over again with the deposition of granular sediment 
which has been eroded from existing mountains. 


v Pillow lava is a typical product of orogenesis and 
associated marine volcanic activity. 
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MINERALS PLUS 


1 Pumice 
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aAA Pumice is a common igneous 
Z^. rock with a wide range of P Dou 
i.) practical applications. < 
cw 
- 9 K 
p he colour of pumice is highly EE s c 


variable, depending on the 

individual minerals each specimen | 
contains. It is usually white or grey, but 
some varieties are yellow or brown; 


pumice from Hawaii (USA) is black. 


Pyroclastic rock 

| A pyroclastic rock is one formed as a 
result of a volcanic eruption. Pumice is 
a rock created when volcanic activity + 
throws out pieces of geological debris : 
ron from the depths of the Earth. In scientific ERN 
@ terms, it is therefore defined as a ` 


pyroclastic igneous rock. 


Buoyant material 
Pumice floats because it is less dense than water and 
will sink only after it has become saturated. During FACT FILE 
the 1883 eruption of the volcanic island of Krakatoa me 
PUMICE 


in Indonesia, the surface of the surrounding seas was 
Type: Extrusive igneous rock 


Chemical composition: Acid to basic 


Essential components: Silicates and volcanic glass 


Secondary components: Zeolites 


Colour: White, grey, yellow, brown, black 


Texture: Vesicular 


Grain size: Fine 
Density: Less than 1 


A This typical pumice 
specimen is similar 

in appearance and 
texture to the blocks 
used in the home to 
remove hardened skin 
from feet. 


4 Pumice rock on 
the coast of Stromboli, 
a volcanic island in 

the Lipari group off 
Sicily (Italy). 


Extrusive igneous rock 


TAE B 2d 
Pumice is a pyroclastic igneous rock which cooled 
so quickly from its former molten state that it had no 
time to crystallise. The main feature of pumice is that 
it is riddled with vesicles (cavities left by gas bubbles), — 
being formed by the cooling of frothy lava. These 
abundant vesicles are what give the rock is extremely | 
low density. 

Pumice may contain small crystals of many 
different minerals. These are mainly, but not 
exclusively, members of the silicate group, especially 
augite, hornblende, labradorite, orthoclase, sanidine 
and zircon. 

Pumice is also a prime source of zeolites, a group of 
hydrated silicates which includes analcime, chabazite, 
heulandite, harmotome, laumontite and phillipsite. 


ORIGINS and DISTRIBUTION E£ 


iven the right conditions, any type of lava may cool 
to form pumice, but it more often occurs in rhyolites 
and trachytes than in basalts. 

Pumice is commonly found in the following 
locations: Germany; Greece; Hungary; Iceland; 
Indonesia; Italy; New Zealand; Tenerife (Spain); Hawaii 


and the Rocky Mountains (USA). 


A A typical specimen of pumice showing the important abrasive in cleaning and polishing. 
characteristic cavity-ridden (vesicular) texture. These Pumice is also widely used as the ballast beneath 
cavities are sometimes made to face in the same railway sleepers, as a lightweight aggregate in 
direction (oriented) by the flow of the lava. precast masonry and in some forms of plaster, 

and in the manufacture of concrete, insulation and 
temporarily covered with great quantities of buoyant soundproofing tiles. 


pumice rock. 


Obsidian 
Industrial uses Another volcanic rock is obsidian. However, whereas 
Pumice is used domestically as a cosmetic scourer for pumice is full of holes (vesicles), as it forms by the 
removing hardened skin, while powdered pumice isan cooling of frothy lava, obsidian is glassy, not vesicular. 


> A smoking vent 
(fumarole) at the top 

of the volcano Mount 
Stromboli in the Lipari 
Islands (italy). The 
surrounding areas are rich 
in pumice, much of which 
has been thrown out 
during eruptions: rocks 
formed in this way are said 
to be pyroclastic. Pumice is 
very lightweight, and tiny, 
dust-like particles may 
sometimes be carried on 
the wind to be redeposited 
thousands of kilometres 
from their source. 
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Alunite 


Alunite is important in the 

production of fertilisers and 

as a source of alum, which 
is used to fix dyes. 


ost alunite is white, but the 
mineral may also be brownish, 
greyish, yellowish or reddish 
in colour. Its name is thought to be 
derived from the 14th-century French 
word alun, meaning ‘alum’. 
Although alunite was first identified as 
a distinct mineral in 1824, igneous rocks 
containing large quantities of alunite have been 
mined extensively since at least the 15th century. 


Potash alum 

The main importance of alunite is as a source of 
potash alum. This extract — which is often known 
simply as alum — is a colourless sulphate of potassium 
and aluminium with a wide range of industrial uses. 
It is important as a dye-fixer (mordant), especially in 
the treatment of leather. It is used in medicine as 
astringents or styptics — materials that stem bleeding 
by causing blood vessels to contract. Potash alum is 


A A specimen of alunite, which is formed at high 
pressures and temperatures in volcanic rocks (New 
South Wales, Australia). 


FACT FILE 
ALUNITE 


Group: Sulphates 

Crystal system: Trigonal 

Chemical formula: KAl(SO;)(0H);; 
Hardness: 344 

Density: 2.6-2.9 

Cleavage: Distinct 

Fracture: Conchoidal 

Colour: White, brownish, greyish, yellowish, reddish 
Streak: White 

Lustre: Vitreous to pearly 
Fluorescence: None 


* A white vein 
of alunite with 
various minerals, 
including quartz, 
limonite and 
other iron 
oxides. 


AL 


also employed as a sealant or filler (sizing) in certain 
grades of paper. 

Some materials used in fireproofing and the 
treatment of sewage are commonly known as alum. 
However, these are aluminium sulphates, rather than 
potassium aluminium sulphate, and the term may thus 
be misleading. 


Tests and treatment 

Alunite dissolves (is soluble) in dilute sulphuric acid 
and gives off water when heated in a closed test tube. 
This mineral will not melt (is infusible), but emits a 
crackling sound (decrepitates) when heated in an open 
flame, which is turned purplish red by the presence of 
the metal potassium. 


A Trachyte, one of the most typical rocks formed 
by extrusive igneous lava flows. It is an important 
source of alunite. 


v Alunite from the Tushar 
Mountains, Utah (USA). 


>» Pegmatite, another common source of alunite. 
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lunite forms through the alteration of pre-existent 
minerals by the action of sulphate-rich waters. 
It is found in volcanic vents (fumaroles) and in 
mineral veins. 

Some of the most productive alunite deposits 
are found in the following locations worldwide: 
Bulahdelah, New South Wales (Australia); China; 
France; Greece; Hungary; Lazio, Tolfa and Tuscany 
(Italy); Newfoundland (Canada); Almería (Spain); 
Beregovo (Ukraine). In the USA, there are important 
alunite mines at Rosita Hills (Colorado), Goldfield 
(Nevada) and Marysvale (Utah). 


CHARACTERISTICS 


Alunite is a member of the sulphate group of En 
minerals. Each molecule is made up of one atom of 
potassium, three atoms of aluminium, two sulphate 
radicals (chemical formula SO;) and 12 hydroxyl 
radicals (OH). 

Crystals of alunite conform to the trigonal system 
of symmetry and are rhombohedral or tabular in 
shape. The mineral commonly occurs as massive 
specimens (of no paricular shape) with a granular, 
columnar or fibrous habit. 

The density of alunite varies between 2.6 and 2.9 
times more than the equivalent volume of water at 
normal room temperature. 
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Borax 


Borax is a widespread mineral 
which is important in the glass 
and ceramics industries. 


orax derives its English name 
B from the Arabic buraq, 
meaning ‘white’. This is 

often the colour of the 
mineral, although some 
specimens may be grey, 
bluish, greenish or 
colourless. Borax is 
sometimes known as 
‘tincal’, possibly deriving 
from tingkal, the Malayan 
word for the mineral. 

All over the world, 
wherever it is found in 
large deposits, borax is 
mined extensively and then 
processed into boric acid. 

Boric acid is white 
or colourless and is 
important in a wide range 
of industrial processes. It is used extensively in the A A cluster of borax crystals. Borax crystals only exist 
manufacture of fertilisers, detergents, enamels, for as long as they can be kept perfectly dry. Unless 
explosives, glass, glazes and various types of paper. great care is taken with them, they may dissolve 4 
It may also be used as a flux in welding and as an gradually in water absorbed from the air - in scientific 
antiseptic ointment. terms, they are said to deliquesce. 


Borax is a member of the borate group of minerals. 
Each molecule is composed of two atoms of sodium, 
four atoms of boron, five atoms of oxygen and four 
molecules of the hydroxyl radical (chemical formula 
OH), together with eight attached molecules of 
water of crystallisation. 

Crystals of borax conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. The crystals often 
occur as stubby prismatic shapes; twinning is rare. 

Borax is very soft, scoring only 2-2% on the 
Mohs Scale of hardness - it may be scratched by a 
fingernail. It ihas a very low density, weighing only 
1.7 times more than the equivalent volume of water 

A A fine group of white borax crystals, which at normal room temperature. 
conform to the monoclinic system of symmetry. 


Industrial minera 


Identification 

Borax can be recognised by a number of properties. 

It has a very low density of only 1.7 so that a specimen 
feels very light in weight when handled. Its hardness is 
also a good identification feature. Borax has a hardness 
of only 2 to 24 on the Mohs Scale, and so is easily 
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BORAX 


Group: Borates 


Crystal system: Monoclinic 

Chemical formula: Na;B,0.(0H),.8H;0 
Hardness: 2-27 

Density: 1.7 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: White, grey, bluish, greenish, colourless 
Streak: White 
Lustre: Vitreous or earthy 


Fluorescence: None 


A A specimen of 
anhydrite (calcium 
sulphate), which is often 
found in evaporite 
deposits in association 
with borax. 


> Fine crystals of selenite 
(the transparent variety 
of gypsum, hydrated 
calcium sulphate) on a 
crust of borax-rich clay. 


" 
" 


: jorax is an evaporite mineral which is deposited on 
the surface of the Earth when the sun dries out salt- 
rich (saline) waters. It is typically found around salt 
lakes and hot springs. 

Among the minerals with which borax is most 
commonly associated are halite and borates such as 
colemanite and kernite. 

Some of the most extensive and industrially 
productive borax deposits are found in Kashmir and 
Tibet. In the USA, there are intensively mined deposits 
at Boron, Clear Lake and Searles Lake (California). 


marked by a coin. These two properties, along with 
the ease with which it decays in moist air, are good 
ways of identifying borax. 


Tests 

Borax dissolves (is soluble) in water. It melts (fuses) 
very easily when placed in an open flame, which is 
coloured yellow by the 
sodium atoms in the 
mineral. When it is 
melted, borax will form 
transparent beads. 

On prolonged 
exposure to the 
atmosphere, borax will 
start to lose its water of 
crystallisation and turn 
to powder — this is 
kernite, a sodium borate 
which has only three 
attached molecules of 
water, five fewer than 
are joined on to any 
molecule of borax. 


Conichalcite is widely distributed 
in copper deposits. It has no 
ESSE industrial use but is often 
found in mineral collections. 


onichalcite is emerald green or yellowish 
green in colour. Its name — which refers 
to its content — is derived from the 

Greek words konia, meaning ‘lime’, and 

chalcos, meaning ‘copper’. 

Conichalcite forms in prismatic crystals 
and the finest specimens make splendidly 
colourful additions to a mineral collection. 


Adelite series” 
Conichalcite is a member of the adelite 
group of minerals. This is a 
solid solution series which 
includes adelite itself (calcium PH Mee: N A Green conichalcite in its typical 
magnesium arsenate), austinite 5 Ta setting as part of a vein in rock. 
(an arsenate of calcium and : d oe E The associated blue mineral is 
zinc) and duftite (an arsenate dd A a chrysocolla (hydrated copper 
of copper and lead). "as aluminium silicate). 

The adelite group of n ex] 
minerals to which conichalcite pew. 4 A coating of small grape-like 
belongs is a group of arsenates i V (botryoidal) masses of conichalcite 
and vanadates containing on rock (Tooele County, Utah, USA). 


CONICHALCITE 


Group: Arsenates 

Crystal system: Orthorhombic 
Chemical formula: CuCa(As0;)(0H) 
Hardness: 4% 

Density: 4.3 

Cleavage: None 


Fracture: Uneven 


Colour: Emerald green, yellowish green 
Streak: Green 
Lustre: Vitreous to greasy 


Fluorescence: None 


4 Conichalcite is typically found in 
association with hydrated copper 
carbonates such as this aggregate 
of blue azurite and green malachite. 


Collector's mineral - 


metals such as calcium, copper, iron, magnesium and 
zinc. Conichalcite contains copper and calcium. The 
six minerals in the group, of which conichalcite and 
duftite are the best known, all crystallise in the 
orthorhombic system of symmetry. 

Conichalcite is a relatively rare mineral with a 
higher than average density of 4.3. Its copper content 
is mainly responsible for this high density. 


Type locality 

The classic source (type locality) of conichalcite is at 
Hinojosa de Cordoba in Andalusia (Spain), and it is 
against specimens from here that new discoveries are 
tested for authenticity. 


Tests 
Conichalcite melts (fuses) 
easily in an open flame and 
dissolves (is soluble) in both 
hydrochloric and nitric acid. 
Each molecule of this 
mineral contains one atom of 
oxygen and one atom of 
hydrogen, which are bound 
together in the form of the 
hydroxyl radical (chemical 
formula OH). When 
conichalcite is heated in a 
closed test tube, these atoms 
will be driven off in the 
form of water (chemical 


formula H,O). 


> Conichalcite on rock from a 
mineral vein. 


v Olivenite, a hydrous arsenate of copper which is 
often found in association with conichalcite. 


^ Conichalcite is a secondary mineral which forms in 
the oxidised zones of copper deposits, where it is 
commonly associated with other copper minerals 
and limonite (iron oxide). 

Fine specimens of conichalcite are found in 
Mapimi, Durango (Mexico) and Tsumeb (Namibia). In 
the USA, there is extensive conichalcite at Bisbee and 
Globe (Arizona), in several mines throughout Nevada 
and in the Tintic district (Utah). There are further 

occurrences in several parts of Chile, France, 
Germany, Morocco, Poland, Russia and Spain. 


Conichalcite is a member of the arsenate group of 
minerals. Each molecule is composed of one atom of 
calcium, one atom of copper, one atom of arsenic, 
four atoms of oxygen and one hydroxyl radical | 
(chemical formula OH). 
Crystals of conichalcite conform to the 
orthorhombic system of symmetry in which 
. the three crystallographic axes are unequal 
+ inlength but are all at right angles to 
*; each other. They usually occur in prismatic | 
"* a shapes. The mineral is also found as 
ig ' grape-like (botryoidal) encrustations on 
i ^ » 


other minerals or rocks. 
Conichalcite is a moderately hard 

mineral, scoring 4% on the Mohs Scale: 
it will scratch fluorite but will itself be 
scratched by apatite. It has a glassy (vitreous) 
or greasy sheen (lustre). 
Conichalcite weighs 4.3 times more than the 
equivalent volume of water at room temperature. 


MINERALS 


Microlite 


Microlite is a widespread 
mineral that contains the 
metal tantalum. 


icrolite is 

usually brown, 

but some 
specimens may be pale 
yellow or reddish. It forms 
typically in aggregates of 
very small crystals and its 
name is derived from the 
Greek words micros, 
meaning ‘tiny’, and thos, 
meaning ‘stone’. 

Each molecule of 
microlite contains two 
atoms of the metallic 
element tantalum 
(chemical symbol Ta), and 
microlite is thus classified 
as a member of the tantalate group of minerals. 

The tantalum in microlite may be partially replaced 
by another metal, niobium. A closely related mineral, 
which contains niobium in addition to tantalum, is 
pyrochlore, a memer of the niobate group. Pyrochlore 
also contains the elements uranium and titanium. 


A The brown grains of this granite pegmatite are partly 
made up of tiny crystals of microlite. The large, dark 
crystals are zircon (zirconium silicate). 


A Large crystals of microlite like this are rare, but those 
that do occur may be very large, sometimes measuring 
up to 6.5cm in length (Mozambique). 


A Crystals 

of apatite, a 
mineral that 
often ccurs 
with microlite. 


Widespread mineral 


FACT FILE 
MICROLITE 


Group: Tantalates 


Crystal system: Cubic 

Chemical formula: (Ca,Na),Ta,0,(0,0H,F) 
Hardness: 5-57 

Density: 4.2-6.4 

Cleavage: Distinct 


Fracture: Conchoidal 

Colour: Brown, pale yellow, reddish 
Streak: Light brown 

Lustre: Vitreous to resinous 


Fluorescence: None 


» Granite pegmatite, 
the igneous rock in 
which microlite most 
commonly occurs. 


A Microlite in the igneous rock nepheline syenite. 


Solid solution series 

Microlite and pyrochlore form the two end members 
of a solid solution series in which the tantalum 

of the former is partially replaced by the niobium of 
the latter. 

Microlite and pyrochlore may occur in close 
association with each other, and in some cases the 
two minerals may be indistinguishable without 
detailed chemical analysis. 

Pure microlite is a tantalate of calcium and 
sodium, but these elements may often be partially 
replaced by other metals, including the lanthanide 
elements and thorium. Some microlite specimens are 
radioactive because they contain uranium. 


Tests and treatment 

Microlite will not melt (is infusible) in an open 
flame. It dissolves in hydrochloric acid, but only with 
great difficulty. 


~ Most microlite is found in igneous rocks called 
granite pegmatites, where it commonly occurs in 


association with apatite, lepidolite, spodumene, 
tantalite and zircon. 

Microlite occurs in many locations, including 
Afghanistan; Australia; Paraiba and Virgem da Lapa, 
Minas Gerais (Brazil); France; Finland; Igaliko 
(Greenland); Madagascar; Lándas (Norway); and 
Varutrásk (Sweden). 

In the USA, there are occurrences at Haddam 
Neck, Middletown (Connecticut), Newry (Maine), = 
Chesterfield (Massachusetts) and Amelia (Virginia). 


Microlite is a member of the tantalate group of 
minerals. Each molecule is composed of two atoms 
of calcium and two atoms of sodium combined with 
two atoms of tantalum and six atoms of oxygen. The 
other chemical components are a hydroxyl radical 
(chemical formula OH), one atom of fluorine and 
another atom of oxygen. 

Crystals of microlite conform to the cubic system 
of symmetry and are eight-sided in shape. The 
mineral also occurs as grains or massive specimens. 

The density of microlite is very variable. The purest 
specimens - that is, those that contain the most 
tantalum - may weigh as much as 6.4 times more 
than the equivalent volume of water at room 
temperature. However, as atomic substitution 
increases the amount of niobium - a metal with 
approximately half the density of tantalum - this 
figure is gradually reduced and may fall as low as 4.2. 


' GROUNDWORK 


On the mineral 


The Arab Republic 
of Egypt occupies 
the northeast 
corner of Africa and 
the Sinai Peninsula 


region between 
Asia and Africa. It 
occupies a total 
area of about 
997,739 sq. km and 
extends about 
1055km from north 
to south and 
1250km from east 
to west at its widest 
point. Egypt is 
bounded in the east 
by Israel, the Gulf of 
Aqaba and the Red 
Sea; in the south by 
Sudan; in the west 
by Libya; and in 

the north by the 
Mediterranean Sea. 


trail: Egypt 


GEOGRAPHICAL AREAS OF EGYPT 


El Alameipdit 
JORDAN 
Western 
Desert 
Peninsula 
Qattara Depression Sinia 
Desert : SAUDI 
ARABIA 
Bahariyah 


asis 
Eastern 


Desert 


Western Desert 


Major mineral 
deposits 


4 The Eastern Desert 
along the western 
bank of the Suez 
Canal. 


the River Nile, which irrigates a strip of land the Nile Valley in the south and extends into 


l gypts most important geographical feature is Aswan Dam was built, occupies a large part of 


on either side and makes it possible to grow neighbouring Sudan. 
crops. The river rises in equatorial Africa and enters About 96 per cent of Egypt total land area is 
Egypt in the south, flowing northwards into the 250- desert. To the west of the Nile is the Western Desert, 
km wide Nile Delta east of the city of Alexandria which contains the Qattara Depression — an area of 
where it empties into the Mediterranean Sea. Lake 18,000 sq. km which, at 133m below sea level, is the 
Nasser, which was formed in the 1960s when the lowest point in Africa. To the east of the Nile is the 


$2 GROUNDWORK 


Eastern Desert, which extends as far as a ridge of up 
to 2150m in height along the coast of the Red Sea. 
The highest point in Egypt, Mount Catherine 
(2642m), lies in the south of the Sinai Peninsula. 


Natural resources 

Egypt contains a wealth of minerals, including gold, 
gypsum, iron ore and phosphates. Other natural 
resources include chromium, coal, limestone, 


manganese and uranium. However, all these are 
overshadowed in economic importance by natural 
gas and petroleum. 

Iron ore occurs principally near Aswan and 
around the Bahariyah Oasis. Most of the 1.3 million 


4 The oil-rich Western 
Desert near El Alamein. 


tonnes mined 
annually are 
processed at a 
steelworks at 
Helwan, south of 
the capital, Cairo. 
Phosphates 
are used to make 
fertilisers and are 
found in large 
quantities in the 
Eastern Desert near 
the Red Sea, as well 
as at Isna and 
Safajah. Coal is 
mined in the Sinai 
Desert. Uranium was 
discovered in 1991 and is now mined near Aswan. 


Oil and gas 
Oil is extracted mainly in the Gulf of Suez area, in 
the Sinai Desert and in the El Alamein region of 
the Western Desert. Production peaked in 1996, 
when 922,000 barrels were being produced each day, 
but by 2008 production had dropped to 700,00 
barrels a day. 

Natural gas is found in the Nile Delta and in the 
Western Desert. By 2006, 1.9 trillion cubic feet was 
being produced annually. 


v The mountains of the Sinai Peninsula. 


| DISCOVERY 


Deep-sea vents 


The Earth's crust is made up of several large, generally rigid, tectonic plates that 
move on a more plastic layer of rock below. Although many effects of the 
movement of these plates may be seen on dry land (in mountain building, for 
instance), there are also spectacular occurrences beneath the sea. 


121 4 


"^ 


P d 
ost new crust forms on spreading ridges on 
the ocean floor where molten rock (magma) 


from inside the Earth wells up above the 


surface through gaps in the crust (vents) formed by the 
à ; x 

parting of the Earth's tectonic plates. Elsewhere, old 

crust is destroyed when one plate dives beneath 

another and the crust returns to the Earth5 interior: 

this makes room for new material. The places where 

this occurs are known as subduction zones. 


Hydrothermal fluid 

Deep-sea vents emit a form of hot water known as 
hydrothermal fluid. Although this liquid gushes from 
the interior of the Earth at temperatures of up to 
350°C, it is prevented from boiling by the extremely 
high pressure beneath the mass of water. The heat of 


AA A deep-sea vent on the floor of the Pacific Ocean. 
The hottest vents are also known as black smokers. 


the emergent fluid does affect the temperature of the 
surrounding ocean, however: the water at the bottom 


A Volcanic gases bubbling up from a sulphur-encrusted 
deep-sea vent off the coast of Papua New Guinea. 


Deep-sea vents 


^ e) p) 


DISCOVERY 


> The Three Wise Men, 
which form part of one of 
the world's largest ranges 
of volcanoes on the floor 
of the Rano Rahi range in 
the South Pacific Ocean. 
Many deep-sea vents 
occur in the Pacific 

Ocean at the boundaries 
between tectonic plates. 


of the ocean is generally only about 2?C, but near 
these vents it rises to about 21?C. 

Such vents have long been known to characterise 
areas of the ocean floor which stand at the boundaries 
between tectonic plates. They are, for example, 
particularly associated with parts of the Pacific Ocean 
where the Earth’s crust is spreading rapidly, at a rate of 
about 20cm a year, notably off the coast of Baja 
California (Mexico) and around the Galápagos Islands. 

But one of the most exciting geological discoveries 
of recent years has been that hydrothermal vents form 
in other areas as well. In the 1980s, US scientists 
located hot-water vents 2900km east of Miami, 
Florida (USA) at a depth of about 3800m. This part of 
the Atlantic Ocean is spreading very slowly, at a rate of 
only 2.5cm a year. These vents, gushing water at 
temperatures of about 350°C, have developed into 
large submarine chimneys formed from sulphide 
minerals deposited by the hydrothermal fluid. 


Black smokers 

Using a manned submersible called Alvin, scientists 
lowered heat-resistant titanium containers into the 
throats of vents called ‘black smokers’ and collected 


<The dark clouds emitted 
by these active ‘smoker’ 
vents are composed of 
sulphurous hot water. It is 
the monosulphides in the 
water that turn the 
emissions black. These 
geological features are 
particularly attractive to 
fish, molluscs and algae, 
which successfully adapt 
to a sulphurous 
environment. 


some of the material within them. Close examination 
revealed it to be highly acidic and thus completely 
different from sea water in composition, which is 
salty (saline) and alkaline. 

Remarkable groups of creatures live around these 
black smokers. They do not depend on sunlight but 
gain heat and energy from the smokers. Bacteria 
are common, and are a source of food for other 
creatures, which in turn prey on each other. The 
larger animals include species of sea anemones, crabs, 
molluscs and giant worms. The bacteria on which all 
the creatures depend live in clusters on the walls of 
the smoker vent. 


Mineral deposits 

When plumes of hot water come into contact with 
cold, overlying sea water they exchange chemicals 
(react) and crystallise to form a wealth of minerals. 
These deposits — which are often 50—60m thick 
and 200m across — contain an abundance of iron, 
copper and zinc minerals. Although it would be 
uneconomical to mine these deposits, they are 
important to our understanding of a particular 
way in which such minerals form. 
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| MINERALS 


Chromite is one of a number 
of minerals containing 
chromium and is the most 


important ore of this metal. 
hromite is a black or brownish black ore 
of chromium, which is enormously valuable 


C in industry. Chromite is highly resistant to 


heat and so it is often used to make the bricks which 
line furnaces. 


Chromium 

The chief value of chromite is as the main ore of 
chromium. This metallic element was isolated in 1798 
by Nicholas Louis Vauquelin (1763—1829), a French 
chemist who had originally detected its presence in 
lead-bearing rock from Siberia, Russia. The world’s 
first chromite mine began production in the mid-19th 


Chromite is a member of the oxide group of 
minerals. It is made up of iron, chromium and 
oxygen. One of the most striking characteristics of 
this mineral is its high resistance to chemical change. 

Crystals of chromite belong to the cubic system 
of symmetry, and they sometimes occur in eight- 
sided (octahedral) forms. However, chromite crystals 
are extremely rare and the mineral most commonly 
forms as non-crystalline specimens. 

Chromite is a relatively hard mineral, scoring 5% 
on the Mohs Scale of hardness. It has a density of 
4.5-4.8, which is slightly higher than average. 


Y Chromite crystals are rare, and the mineral 

usually occurs as non-crystalline specimens, often 
with a granular habit. The specimen shown here was 
found near Novara in Italy. 


t 


century. The chromite was extracted from 
serpentine rock in the Bare Hills near Baltimore, 
Maryland, USA. 

Chromium is obtained from chromite by heating 
the ore with sodium chromate and then passing an 
electric current through the resulting mixture (the 
scientific term for this process is electrolysis). 

Chromium is highly resistant to all forms of 
corrosion and is widely used as a decorative and 
protective coating over brass, bronze and steel. 


Stainless steel 

Chromium is also an important component of 
stainless steel: a typical stainless steel is principally 
composed of iron but also contains about 15 


FACT FILE 


CHROMITE 


Group: Oxides 


Crystal system: Cubic 


Chemical formula: FeCr,0, 


Hardness: 5/ 


Density: 4.54.8 


Cleavage: None 


Fracture: Uneven 


Colour: Black, brownish black 


Streak: Dark brown 


Lustre: Metallic to submetallic 


Florescence: None 


Two contrasting specimens 
of chromite: 


A Grains of chromite 

from one of many deposits 
in the Ural Mountains 

of Russia. 


> Eight-sided (octahedral) 
crystals in rock. This 
specimen comes from Italy. 


such as peridotite and serpentinite, where it may 
form in layers thick enough to be exploited 
industrially. Elsewhere, it is sometimes found 
concentrated in alluvial sands and gravels. 

The world’s main deposits of chromite are found in 
the following countries: Albania; Brazil; Canada; Cuba; 
Finland; India; the Philippines: Russia; South Africa; 
Turkey; and Zimbabwe. In the USA, smaller deposits 
of chromite are found in California, Maryland, North 
Carolina and Pennsylvania. In the British Isles, ~» 
chromite has been found on the Shetland isle of 
Unst. It also commonly occurs In meteoritesz.. i 


per cent chromium. Because chromite contains 
iron and chromium, this mineral has a relatively 
high density of 4.5 to 4.8. When tested for 
hardness, chromite is found to be the same as a 
steel knife blade — 5% on the Mohs Scale. 


Tests and treatment 
Chromite is a weakly magnetic mineral: this 
helps to distinguish it from the similar mineral 
magnetite, which will show pronounced 
magnetic properties. 

Chromite is highly resistant to heat and so will 
not melt (fuse) when placed in an open flame. It is 
insoluble in all acids. 


“MINERALS 


Despite having exactly the same 
chemical formula as anatase 
and rutile, brookite is a 

distinct mineral. 


rookite may be brown, reddish brown or 
black in colour. It is named in honour 
of Henry J. Brooke (died 1857), an 
English mineralogist who worked on the 
distinctions between this mineral, anatase 
and rutile. 
Chemically, brookite is identical to both 
anatase and rutile: all three 
minerals are dioxides of 
titanium with the same 
formula, TiO). In scientific 
terms, the three are said to 
be trimorphous. 
Of the three minerals, 
brookite was the latest to 
be identified: rutile and 
anatase were recognised 
and named in 1800 and 
1801 respectively, while 
brookite was not identified 
until 1825. 


A Rutile, a mineral with 
the same chemical 
composition as brookite. 


4 A typical mass of small, 
reddish brown crystals of 
brookite (Fronolen, Wales). 


Y Gneiss on the coast of 
Sutherland (Scotland). This 
metamorphic rock is one 
of the Earth's principal 
sources of brookite. 


Brookite is a member of the oxide group of 
minerals, each molecule being composed of one 
atom of titanium and two atoms of oxygen. 

Crystals of brookite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. 

Brookite weighs between 4.1 and 4.2 times more 
than the equivalent volume of water at room 
temperature. It is thus slightly denser than anatase, 
which has a density of 3.8-4.0, and less dense than 
rutile (4.23). 


Different crystals 

Despite numerous close similarities, there are 
important differences between the three minerals. The 
most important of these is crystallographic: rutile and 
anatase both conform to the tetragonal system of 
symmetry, in which the three crystallographic axes are 
at right angles to each other, but only two are equal in 
length. By contrast, crystals of brookite are classified in 
the orthorhombic system (for a description of this 
system, see the Characteristics box, above). 


Tests 

Brookite is insoluble in acids and will not melt (is 
infusible) in an open flame. However, the same is also 
true of both anatase and rutile: the only conclusive 
way of distinguishing brookite from its two close 
relatives is by detailed crystallographic analysis under 
a high-powered microscope. 


ORIGINS and DISTRIBUTION E£. 


rookite is a widespread mineral which occurs in 
all three main types of rock (igneous, metamorphic 
and sedimentary). It is particularly likely to occur 
in metamorphic gneisses and schists, and in 
sedimentary rocks. Some brookite is found 
in hydrothermal veins. 

Brookite is found in the following locations 
worldwide: near Salzburg (Austria); Brazil; Canada; 
Engand; Bourg d'Oisans (France); Sondrio (Italy); 
Norway; the Ural Mountains (Russia); St Gotthard 
(Switzerland); Arizona, Arkansas, California, Montana, 


New York and Utah (USA); and Fronolen (Wales). 


A A crystal of brookite on a base of milky quartz 
(Wales). Brookite crystals may be prismatic, tabular 
or plate-like (lamellar) in habit. 


FACT FILE | 


BROOKITE 


Group: Oxides 


Crystal system: Orthorhombic 


Chemical formula: TiO; 
Hardness: 54-6 
Density: 4.14.2 
Cleavage: Indistinct 


Fracture: Subconchoidal to uneven 


Colour: Brown, reddish brown, black 


Streak: White, grey or yellowish 


Lustre: Adamantine to submetallic 


Fluorescence: None 


< A brownish black crystal of brookite on a rock base. 
Brookite is one of three naturally occurring forms 
(polymorphs) of titanium oxide; the others are 
anatase and rutile. 


Chalcocite - which is also known 


as chalcosine - is one of the 
world's most important 
sources of copper. 


Ithough chalcocite is usually dark grey, 
some specimens are black, and there 
may also be a green or blue surface 
tarnish. The mineral derives its name from 
the Greek chalkos, meaning ‘copper’. 
Chalcocite is a widespread and common 
natural form of copper sulphide. 


Properties 

Because chalcosite contains copper in its chemical 
make-up, it has a relatively high density of 5.5 to 5.8. 
However, in common with other copper minerals its 
hardness (2% to 3 on the Mohs Scale) is low and it 
can be easily scratched with a coin. 

When it occurs in veins, chalcosite is often 
associated with other copper minerals which have 
formed by the alteration of primary copper ores. 
Minerals such as malachite, azurite, bornite, covellite 
and cuprite are in this category. 

Chalcocite is one of the most important 
ores of copper, partly because of the ease 
with which the metal may 
be extracted from the ore 
and partly because of 
its abundance and 
accessibility in many 
parts of the Earth’s crust. 


CHALCOCITE 


Group: Sulphides 


Crystal system: Monoclinic 


Chemical formula: Cu;S 
Hardness: 2-3 
Density: 5.5-5.8 
Cleavage: Indistinct 


Fracture: Conchoidal 


Colour: Dark grey, black 


Streak: Dark grey 
Lustre: Metallic 


Fluorescence: None 


v An old mine near 

St Agnes, Cornwall 
(England). Chalcocite is 
widely distributed in 
many parts of the 
surrounding area. 


A Typical dark-coloured 
prismatic crystals of 
chalcocite. They are 
hexagonal in shape, 
but because they 

are classified in the 
monoclinic system 

of crystal symmetry, 
they are termed 
‘pseudo-hexagonal’. 


Uses of copper 

Copper has a wide range of industrial uses. It is easy 
to draw out into threads (ductile) and to hammer into 
thin sheets (malleable). It is an excellent conductor of 
electricity and is therefore used to make cables and 
wires. Because it can be easily shaped and bent, 
copper is widely used for piping. It is also commonly 
combined with other metals to form alloys, notably 
with zinc to make brass and tin to create bronze. 


Tests 


Chalcocite dissolves (is soluble) in 

nitric acid, leaving behind a residue of 
sulphur. When placed in an open flame, 
chalcocite melts (fuses) easily and gives 
off fumes of sulphur dioxide. In 
addition, the presence of copper will 
colour the flame a distinctive green. 


v Untarnished grey chalcocite (Geevor 
Mine, Cornwall, England). 
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shalcocite occurs in hydrothermal veins. It is 
particularly associated with native copper and 
copper-bearing minerals, such as azurite, bornite, 
chalcopyrite, covellite, cuprite and malachite. 

The following are some of the principal locations 
in which chalcocite is found in large quantities: 
Camborne, Redruth, St Ives and St Just (Cornwall, 
England); Tsumeb (Namibia); Kongsberg (Norway); 
Arizona, Connecticut, Montana and Nevada (USA). 


4 Chalcocite which has been tarnished green by 
exposure to the air. 


v Chalcocite from Cumbria (England). 
The metallic sheen (lustre) has 

been tarnished by exposure 

to the atmosphere. 


Chalcocite is a member of the sulphide group of 
minerals, each molecule being composed of two 
atoms of copper combined with one atom of sulphur. 

Crystals of chalcocite conform to the monoclinic 
system of symmetry in which no crystallographic axis 
is the same length as any other. They are prismatic or 
tabular in habit, or often pseudo-hexagonal as a 
result of twinning, and have parallel striations 
(grooves) along their surface. However, chalcocite 
crystals are rare: the mineral usually occurs as 
massive (with no particular shape) specimens, which 
often take the form of granular aggregates. At 27-5 
on the Mohs Scale of hardness, chalcocite is fairly 
Soft, but its density is high (5.5-5.8). 

When subjected to pressure, chalcocite breaks up 
indistinctly along its weakest structural planes. 
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Closely related to basalt, 
spilite is a volcanic igneous 


rock which is rich in the 
feldspar mineral albite. 


pilite may be brown, grey or black. Its name 

comes from the Greek spilos, meaning ‘spot’ — this 

is a reference to the minerals that may occur in 
specks throughout the rock. 

Spilite is formed from lava which has been thrown 
out onto the surface of the Earth by volcanic activity: 
in scientific terms, it is classified as an extrusive 
igneous rock. 


Pillow lava 
The lava that solidified into spilite originally erupted 
from volcanoes on the sea bed. This lava cooled rapidly 
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A A mass of spilitic pillow lavas forming a cliff on the 
coast of the Isle of Anglesey (Wales). These rocks formed 
originally through the reaction caused when basaltic 
lava came into sudden contact with sea water. 


CHARACTERISTICS 


The essential chemical component of spilite is silica, 
which makes up between 45 and 55 per cent of the 
rock by volume. Much of this silica occurs in the form 
of albite (a plagioclase feldspar containing sodium, 
aluminium, silicon and oxygen), together with augite 
and other complex silicates of the pyroxene group. 
Spilite may also contain up to 10 per cent free quartz 
(silicon dioxide). 

In addition, spilite may contain a wide range of 
other minerals. These include the following: analcime, 
chabazite and other members of the zeolite group; 
calcite (calcium carbonate); chlorites (green silicates 
of the mica group); and volcanic glass, which is 
formed when lava solidifies too quickly for 
crystallisation to take place. 


<A close-up section through a cliff composed 
principally of spilitic pillow lavas with volcanic glass 
and zeolite minerals (Italy). 
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FACT FILE 
SPILITE 


Type: Extrusive igneous rock 

Essential components: Feldspars, pyroxenes and quartz 
Secondary components: Olivine, zeolites, chlorites 
Colour: Brown, grey, black 

Texture: Vesicular, amygdaloidal 

Grain size: Fine 

Density: 3.3 


as it came into contact with sea water, and in many 
cases this resulted in pillow-like formations. 


Vesicular structure 

These pillow lavas often contain cavities (vesicles) left A The rounded shapes of spilitic pillow lavas can be 
by gas bubbles. These may be filled with a range of clearly seen in cross section in this cliff (Barberton 
minerals known as amygdales. Mountains, Mpumalanga, South Africa). 
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- Spilite is an extrusive igneous rock found mainly in 

lava flows and pillow lavas which originated on the 

sea bed. It is particularly abundant along the margins 

of mid-ocean ridges, areas in which there may also be 

rich deposits of cherts containing fossilised protozoa 

(radiolarian cherts) limestones and black shales. 

Spilitic rocks are most widely distributed in 
regions of the Earth's crust which have undergone 
gentle subsidence or slight upward movement over a 
long period without any substantial faulting. 

Spilite may be seen in the following locations- 
worldwide: the Dalmatian coast (Croatia); the 
Apennine Mountains (Italy); the Barberton Mountains, 
Mpumalanga (South Africa); the Isle of Anglesey and 
around Pembroke (Wales). 


A Although found on 
land, this spilitic lava 
formed originally on 
the sea bed. Its 
surface cavities 
(vesicles) have been 
infilled with zeolites 
and other secondary 
minerals to give an 
amygdaloidal texture. 


> Spilite from a cliff 
along the Dalmatian 
Coast (Croatia). In this 
formation, the pillow 
lavas are set on a base 
(groundmass) of 
volcanic glass and 
minerals of the 

zeolite group. 
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On the mineral 
trail: Paraguay 


Paraguay is a small, 
landlocked republic 
in south central 
South America with 
a population of 
only just over four 
million. It occupies 
an area of 406,752 sq. 
km and is bordered 
in the northeast and 
east by Brazil, in the 
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southeast, south 

and southwest by 
Argentina and in 

the north and 

northwest by Bolivia. L— 


he greater part of 
Paraguay occupies 
a broad inland 


plain. The country’s most 
important geographical 
feature is its extensive 
inland waterway system — 
indeed, the name 
‘Paraguay’ comes from the 
Guarani Indian meaning 
‘place with a great river’. 


The Paraguay River 

The Paraguay River is A The low-lying fertile basin of the Paraguay River. 

fully navigable throughout 

the country and goods are sent downstream from amount of the country’s domestic electricity is 
Asuncion, the capital, to the ports of Argentina and generated by the hydro-electric power stations which 
thence across the Atlantic Ocean. An increasing have been built to harness the great power of the river. 


The lie of the land 


East of the Paraguay River, the country is composed 
principally of sandstones with lavas and other volcanic 
rocks. From Encarnación to the Brazilian border, the 
high-cliffed western edge of the Paraná Plateau rises to 
between 300 and 600m above sea level — this region 
has been formed by ancient lava flows. 

The Alto Paraná region contains an extensive layer 
of iron-bearing soil known locally as terra rossa (‘red 
earth’). The Paraguay River basin is fertile and widely 
cultivated, despite being flooded every year from 
November to April. 

To the west of the Paraguay River, the soils of the 
Gran Chaco are composed mainly of alluvial sand, clay 
and mud, which are brought down from the Andes by 
rain and river water. This area contains abundant salt 
flats and is an important source of halite, one of 
Paraguays most important mineral exports. 
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4 Paraguay is a land 

of contrasts. Here a 
subtropical rainforest 
covers the slopes of a hill, 
with a grassy plain in the 
background. 


Mineral wealth 
Most of the country's valuable mineral resources are 
found to the east of the Paraguay River. Manganese 
ore is found near Emboscada. Azurite and malachite, 
two important ores of copper, are found near 
Caapucu. Some of the malachite is of gem quality. 
Near San Miguel and Caapucá there are industrially 
significant deposits of talc, and on the outskirts of 
Concepción there are several feldspar and mica mines. 
By 2005, more than 550,000 tonnes of cement 
were being produced annually from the gypsum and 
limestone, which are found in abundance along the 
banks of the Paraguay River. Paraguay also produced 
more than 100,000 tonnes of crude steel and about 
125,000 tonnes of pig iron in the same year. 


v Plains like this are underpopulated; most of the 
population live in the cities. 


Uniformitarianism 


uniformitarianism is the name given to the theory that geological processes which 
can be seen to be happening now must also have happened in the past. 


niformitarianism is one of the 

basic principles of geology. It 

was first proposed in a book 
called Theory of the Earth by James 
Hutton (1726-1797), a Scottish doctor 
of medicine and a keen mineralogist. 

Hutton’s ideas were then taken up 

and expanded by another Scot, Charles 
Lyell (1797-1875), while he was 
studying the geology of Italy. 


Lessons of history 

According to the theory of 
uniformitarianism, the present is 

the key to the past. This means that 
geological events seen today must 

also have occurred in the past, and 
that the genesis of ancient rocks and 
other features of the Earth may be 
explained by reference to processes that 
may be seen happening today. 


A This butte is accumulating aprons of dislodged sediment (scree) at its 
base (Utah, USA). 


A Sandstone with ripples that show it was formed in a watery 
environment. Ripple marks like this can be seen on beaches today. 
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Sedimentary evidence 

This theory is supported by our knowledge of 
sedimentary rocks. For example, when we see 
structures which look like mud cracks on an ancient 
sedimentary surface, we may assume that they were 
formed in the same way as modern mud cracks — 
through desiccation as a lake dried up and sediment 
shrank and cracked. 


Ripple marks 

Another good example is ripple marks. Bedding 
planes in sedimentary sandstones are often rippled, 
and this shows that — regardless of when they were 
formed — their surface must have been moved and 
shaped by water. 


Limitations 
In general, the principle of uniformitarianism works 
well, but it is important to remember that conditions 
on Earth millions of years ago were not exactly the 
same as those today. For example, 600 million years 
ago (not long, in geological terms) there was less 
oxygen in the atmosphere and thus weathering and 
oxidation processes would have happened much 
more slowly. 

Even earlier, during the Precambrian Era, 
the Earth would have generated much more 
geothermal heat, thus allowing the formation of 
high-temperature-altered gneisses and migmatites, 
which would develop less easily today. 


A The pebbles on this 
beach may one day 
form new layers of 
sedimentary rock, 
called conglomerate. 


< Lava draining from a 
lava lake during the 1972 
eruption of Mauna Ulu 
(Hawaii, USA). Hundreds 
of millions of years ago, 
the Earth was hotter than 
it is now, and scientists 
believe that eruptions 
like this were much 

more common. 


v Cross-bedding like this 
occurs when sediment is 
laid down in a moving 
current, either on land or 
in the sea. 


> The Earths crust 


The Earth's crust is the outer shell of the planet. It extends from the surface down to 
the Mohorovicic Discontinuity (known simply as the ‘Moho’), which is the boundary 
between the crust and the mantle. Here the rocks become much denser. Although 
the thickness of the crust varies widely - it is thickest on the continental land 
masses, thinnest beneath the ocean floors - its average thickness is about 35km. 
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See tn eae 4 The continental crust 
dE . Mr = at its most spectacular 
- the Grand Canyon 
(Arizona, USA). 


v The oceanic crust 
is made of basaltic 
rocks with a higher 
density than the 
granites of which 
the continental crust 
is mainly composed. 
This ropy lava comes 
from Iceland, where 
new crust is forming 
even today. 


he Earth's crust may be roughly divided 

into three layers. The outermost layer is a 

sedimentary cover or skin — this is the ground 
we stand on. Despite the importance of this outer 
casing in geology and human life, as a percentage 


of the whole diameter of the Earth, it is so 
small as to be insignificant. 


The granitic layer 
Beneath the sedimentary cover, 
however, are two much thicker 
zones, the granitic layer and the 
basaltic layer. The granitic layer 
is closer to the surface and 
confined to the crust beneath the 
€ continental land masses. It may 
also be known as the sial, a word 
constructed from the first two letters of 
silicon and zluminium, its two most abundant 
chemical elements. 
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The basaltic layer 
The basaltic layer lies below the sial and above the 
Moho. It is also called the sima, because of the sdicon 
and magnesium-bearing minerals it contains. 
Together, the granitic and basaltic layers are 
typically between about 35 and 100km thick. The 
granitic rocks are among the oldest on the planet, 
some of them having formed more than 3500 million 
years ago. 


Oceanic crust 

Beneath the ocean, however, the Earth's crust is much 
thinner, sometimes as little as 5km. The rocks here are 
of very recent formation in geological terms, being 
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4 The Red Hills on the Isle 
of Skye (Scotland). They 
are composed principally 
of granite, an igneous 
rock - one of the most 
characteristic rocks of the 
continental crust - that is 
found on all continents. 


v Much of the 
continental crust is 
shaped by orogenesis 
(mountain building). 
These Sheep Mountains in 
Wyoming (USA) are the 
eroded remains of a 
mountain range. 


only up to about 150 million years old. New 

ocean crust is being created all the time along the 
mid-ocean ridges. Here volcanoes erupt, bringing 
basalt lava to the surface. As the ocean floor expands 
at these mid-ocean ridges, it is also destroyed around 
its edges, where subduction drags the ocean floor 
beneath the continents. 


Less dense on land 

By contrast, although the continental crust has been 
moved, weathered and eroded, it has been neither 
subducted nor destroyed. Continental crust is less 
dense than oceanic crust and thus, when the two layers 
come into contact, the former rises above the latter. 
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Goethite is a widespread 
mineral which is often 
mined for its 


oethite is usually brownish black, but can also 
be reddish or yellowish. It is often used by 
artists as a yellowish pigment. 

Goethite is named after the German poet, novelist 
and playwright Johann Wolfgang von Goethe 
(1749-1832) who, in addition to all his other 
achievements, was also a keen mineralogist. 


Iron ore 

Goethite forms in areas rich in iron, and is mined 
extensively along with other iron-bearing minerals, 
including hematite, limonite, magnetite, pyrite 
and siderite. 


Goethite is a member of the oxide group of 
minerals. It is an oxide of iron which has an attached 
hydroxyl molecule containing one atom of oxygen 
and one of hydrogen. 

Crystals of goethite are brownish black in 
colour but they are extremely rare; when they do 
ococur, they belong to the orthorhombic system 
of crystal symmetry and are needle-shaped (acicular) 
or slender prismatic. More common forms of 
goethite are compact kidney-shaped, pisolitic (pea- 
like), Oolitic (tiny rounded grains), columnar and 
stalactitic masses. 


| 


| 


A A specimen of goethite showing a botryoidal habit — 
it has rounded, bubbly shapes with a bright metallic 
lustre. Where they have been broken, the internal 
radiating structure can be seen. 


Iron has been used widely since early times. Today, 
it is smelted in blast furnaces to yield the impure pig 
iron, which is then further processed to produce cast 
iron, wrought iron and many different types of steel. 


Widespread mineral 
Goethite was once thought to be a rare mineral, but is 
now known to be widespread throughout the world. 


FACT FILE 


GOETHITE 


Group: Oxides 


Crystal system: Orthorhombic 
Chemical formula: FeO(0H) 
Hardness: 5-5% 

Density: 3.34.3 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Brownish black, yellowish, reddish 


Streak: Brownish yellow 


Lustre: Adamantine — metallic to dull 


Fluorescence: None 
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Industrial mineral 


The original confusion arose partly because many 
specimens are disguised by an oxidised outer layer 
of yellow limonite. 

Some goethite forms through alteration of 
existing minerals on the surface of the Earth. This 
is a weathering process which dissolves soluble 
materials and leaves behind a gangue (waste 
material) of decomposed rocks. These rocks are 
impregnated with iron and manganese oxides and 
quartz, and are known as ‘gossan’ or ‘iron hat’. 


Related minerals 

Goethite and limonite often occur together and 

have certain similarities. They are both hydrous iron 
oxides, but limonite also contains a variable number 
of molecules of water of crystallisation. Both have a 
similar-coloured yellowish brown streak. Both goethite 
and limonite can form as concretionary or rounded 
botryoidal (like a bunch of grapes) masses but limonite 
more commonly is massive (with no distinct shape). 
While limonite never forms as crystals, goethite may 
occur as fine prismatic crystals with vertical striations 
(thin grooves) on their faces. 

An important difference is their usual colour, 
goethite being dark brown or nearly black whereas 
limonite is a rich yellowish brown. When heated 
in a closed tube, limonite gives off its water of 
crystallisation and then becomes similar in 
composition to goethite — hydrous iron oxide. 
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A Shiny metallic masses of goethite in long thin shapes 
that resemble stalactites. This specimen comes from 
Nassau in Germany. 


—Goethite is an alteration product of iron-bearing 
minerals such as magnetite, pyrite and siderite. It is 
often found in association with hematite, limonite 
and siderite. 

Goethite is so widespread that it is impossible 
to give even a fraction of the locations in which it 
Occurs. Some of the finest crystals come from the 
Botallack Mine near St Just and from Lostwithiel and 
Lanlivery in Cornwall, England. In North America, 
goethite is common in the hematite deposits of 
Lake Superior and in the Pikes Peak region of 
Colorado, USA. 

There are many tufted aggregates of needle- 
shaped goethite crystals to be found in the quartz 
geodes of Mexico and central Morocco. 

Goethite is abundant throughout Italy, and there 
are particularly fine specimens to be found on the 

inlands of Elba and Sardinia. 


A A specimen of blackish goethite covered with 
yellow-brown limonite. Most limonite contains 
microscopic crystals of goethite. 


Bog it D 
Goethite is sometimes precipitated from fresh and salt 
water, especially in bogs and in calm, inland lagoons. 
In such situations it is known as bog iron ore. 


Goethite specimens are not magnetic at normal room 
temperatures, but become magnetic when heated. 
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Gibbsite 


Ve N Gibbsite is an important 
x% 1) component of bauxite, the 
*. main ore of aluminium. 


ibbsite is usually white but may be greenish, 

grey, pinkish or reddish in colour. It is named 

in honour of US mineralogist Colonel 
George Gibbs (1776-1833). 

Gibbsite is one of the most important minerals 
that occur in bauxite, the world’s main aluminium 
ore. Although bauxite itself is sometimes classified as 
a mineral, this is not strictly accurate. Bauxite is really 
an aggregate of various oxides of aluminium and iron: 
its exact composition may vary substantially from 
deposit to deposit, and it should thus properly be 
described as a rock rather than a mineral, which has 


a consistent composition throughout all specimens. A A specimen of brown bauxite. Strictly, this is not a 
mineral but a mass of many minerals, one of the most 
Source of aluminium important of which is gibbsite. 


In addition to gibbsite, 
other important 
components of bauxite 
include boehmite and 
diaspore. All three 
minerals are hydrous 
oxides of aluminium and 
are also valuable sources 
of this metal. 


Uses of aluminium 
Aluminium is very light 
and highly resistant to 


FACT FILE 
GIBBSITE 


Group: Hydroxides 


Crystal system: Monoclinic 
Chemical formula: Al(OH); 
Hardness: 24-34 

Density: 2.4 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, greenish, grey, pinkish, reddish 
Streak: White 

Lustre: Vitreous to pearly 

Fluorescence: None A A white encrustation of gibbsite on magnificent prismatic crystals of 
L reddish crocoite. This specimen was found in Tasmania (Australia). 
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Gibbsite is a member of the ieiexdae c group of 
minerals, each molecule being composed of one 
atom of aluminium and three molecules of the 
hydroxyl radical (chemical formula OH). 

Crystals of gibbsite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
may occur in six-sided, table-top shapes (pseudo- 
hexagons) but more often occur as microcrystalline 
encrustations on the surface of other minerals. 
Stalactitic specimens are also found. 

When subjected to pressure, gibbsite breaks 
off cleanly along its weakest structural planes: in 
scientific terms, it is said to display perfect cleavage. 

As would be expected with a mineral containing 


Industrial mineral 


A A specimen of grape-shaped (botryoidal) gibbsite 
from Arizona (USA). 


aluminium as its sole metallic component, gibbsite 
has a fairly low specific gravity, weighing only 2.4 


times more than the equivalent volume of water at 


normal room temperature. 


corrosion; its strength may be greatly 
increased by combining it with other 
metals — notably copper, magnesium, 
manganese, silicon and zinc — to 
form a range of alloys. This makes 
aluminium very important in 
industry, where it has a wide range 

of uses, notably in the construction 
of aircraft, motor vehicles and 

power cables. 


Habit 

Gibbsite commonly 

forms with a massive 

(of no particular shape) 
habit, as a coating on 

rock surfaces and as 

crusty specimens. It 

can also be crystalline, 
occurring as flat, tabular 
crystals with a pseudo- 
hexagonal shape. Rounded, 
botryoidal (like a bunch of 
grapes) specimens sometimes 
form, with a concentric 
internal structure. 


Tests and treatment 

Gibbsite gives off a strong smell of clay when it 
is breathed on: this is because the water vapour 
in air exhaled from the lungs releases some of the 
mineral's molecules. 


> A specimen of brown bauxite with a typical white 


surface coating of innumerable tiny gibbsite crystals 


(Arizona, USA). 
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1  Gibbsite is secondary in origin, having been formed 


through the alteration of pre-existent aluminium- 
bearing minerals, particularly boehmite and 
feldspars. In addition, it occurs in hydrothermal 
veins where minerals have been precipitated from 
hot fluids, mainly water. 
Some of the largest and most industrially 
significant sources of gibbsite are found in the 
following locations worldwide: Caldas, Ouro 
Preto and Minas Gerais (Brazil); Croatia; Ariège 
(France); Ghana; Naxos (Greece); Guyana;. 
Hungary; Indonesia; Italy; Jamaica; 
Langesundfjord (Norway); Slatoust 
(Russia); Ayrshire (Scotland); 
and Surinam. In the USA, 


| "&. gibbsite is found at 


Morenci (Arkansas) 
and Richmond 
(Massachusetts) ^ 


4 Stalactitic gibbsite on a 
base (matrix) of limonite 
from Richmond, 
Massachusetts (USA). 
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Polyhalite is a hydrated sulphate 
of potassium, magnesium 
and calcium. 


the presence of various impurities may 
cause some specimens to be grey, pink 
or red. Its name comes from the Greek 
meaning ‘many salts’ and refers to its 
chemical composition. 
Polyhalite is a widely distributed 
evaporite mineral which forms in bedded 
deposits and is rarely found as distinct crystals. 
Chemically, polyhalite is a hydrated sulphate of 
three metals — potassium, calcium and magnesium. 
Sulphates of these metals can exist independently as 
minerals in their own right. 
Polyhalite forms most often in deserts and 


pss is normally colourless or white, but 


other arid regions, where it is associated with similar 
minerals, especially halite (sodium chloride) and 
anhydrite (calcium sulphate). 


Precipitation 

All evaporite minerals solidify through precipitation 
when the saline waters in which they are dissolved 
become too full of dissolved material to bear any 


A This typical polyhalite specimen was found near 
Stassfurt (Germany). 


Y Two specimens of halite (commonly known as 
rock salt), which is the mineral most frequently 
associated with polyhalite. 


Widespread mineral 


Polyhalite is a member of the sulphate group of 
minerals. Each molecule contains two atoms of 
potassium, two atoms of calcium, one atom of 
magnesium and four sulphate radicals (chemical 


formula S04). In addition, each of these molecules 


has two attached molecules of water of 
crystallisation - polyhalite is thus described 


as a hydrated mineral. 


Crystals of polyhalite conform to the least 
symmetrical of the seven crystal systems, the 
triclinic. In this system, no crystallographic axis is the 
same length as any other, and none of the axes is at 
right angles to either of the others. Polyhalite often 
occurs as fibrous or sheet-like (lamellar) specimens. 

The sheen (lustre) of polyhalite may vary according 


to its habit: fibrous masses are silky, while distinct 


crystals are glassy (vitreous) or waxy (resinous). 


more — in scientific terms, they are 
said to be saturated. Of the three 
minerals — polyhalite, halite and 
anhydrite — polyhalite is always the 
last to crystallise because it is the 
most readily soluble. 
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In its pure form, polyhalite is a 
colourless or white mineral. The 
red coloration is caused by hematite 
and other naturally occurring forms 
of iron oxide which are not integral 
parts of the mineral. 


> Polyhalite from a sequence of 
evaporite layers which were 
originally deposited on the surface 
but are now deep beneath the 
ground in Yorkshire (England). 


Polyhalite forms in sedimentary evaporite layers, 
where it may be associated with a wide range of 
similar minerals, including anhydrite, carnallite, 
gypsum, halite and sylvite. The largest deposits 
may extend over wide areas. 

Some of the most abundant sources of polyhalite 
are found in the following countries: England; 
France; Germany; Russia; USA. 


A Sylvite 
(potassium 
chloride), an 
evaporite 
mineral, and 

4 glauberite 
(sodium and 
calcium sulphate) 
are both 
commonly found 
with polyhalite. 


Group: Sulphates 


Crystal system: Triclinic 

Chemical formula: K;Ca;Mg(S0,),.2H;0 
Hardness: 37 

Density: 2.78 

Cleavage: Perfect 


Fracture: Uneven 


Colour: White, grey, colourless, red, pink 
Streak: White 


Lustre: Vitreous, resinous or silky 


Fluorescence: None 


Scorodite is a widespread 

arsenic-bearing mineral that 

is often found with other 
minerals containing this element. 
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corodite is often green or blue 
but may also be brown, violet, 
yellow, grey or colourless. 
Its name comes from the Greek 
skorodios, meaning 'garlic', and 
refers to the smell it emits when 
heated in an open flame. 


Solid solution series 

Scorodite is an arsenate of iron 

with two attached molecules of water 

of crystallisation. It is related to mansfieldite 

and forms a solid solution series with this mineral. 

Scorodite is the iron-rich end member of this series A Greenish scorodite with white quartz (Devon, England). 


A Dark crystals | ) 

of scorodite from aM eMe 2 

Devon (England). | Scorodite is a member of the arsenate group of minerals. Each molecule is 
composed of one atom of iron, one atom of arsenic and four atoms of oxygen. In 
addition, each of these molecules has two molecules of water of crystallisation 
attached to it . 


Crystals of scorodite conform to the orthorhombic system of symmetry, in 
which the three crystallographic axes are unequal in length, but are all at right 
. angles to each other. The crystals often occur in prismatic, tabular or pyramidal 
> A Greenish scorodite in |. shapes or as massive aggregates. 
association with dark Although the colours of scorodite are widely variabie, the streak of the mineral 
pharmacosiderite from |. is white: this may be confirmed by rubbing a rough specimen along a piece of 
Wheal Goriand, Cornwall |, unglazed porcelain. 
(England). L meus FE = 


Widespread mineral 


and mansfieldite has aluminium instead of iron. Both 
are classified in the variscite group of arsenates. 


Main features 
Scorodite usually occurs as massive specimens (with 
no definite shape) and as earthy crusts coating rock 
surfaces. Its crystals are very small, usually with a 
pyramidal habit, though they can be flat and tabular 
or prismatic. Although usually very small, crystals as 
big as 5cm in size have been found in some localities 
including Zacatecas, Mexico. 

Because of its iron content, scorodite has a higher 
than average density at 3.28. Its hardness is 3% to 4, 


SCORODITE 


Group: Arsenates 


Crystal system: Orthorhombic 
Chemical formula: FeAs0,.2H;0 
Hardness: 3/4 

Density: 3.28 

Cleavage: Imperfect 


Fracture: Subconchoidal 

Colour: Green, blue, brown, violet, 
yellow, grey, colourless 

Streak: White 

Lustre: Vitreous to resinous 


Fluorescence: None 
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orodite is a secondary mineral formed mainly 
through the alteration of pre-existent arsenic- 
bearing minerals - particularly arsenopyrite - in the 
oxidation zones of copper and zinc deposits. Small 
amounts of scorodite may also be deposited by the 
waters of some hot springs. 

The world's finest scorodite has been found at 
Tsumeb (Namibia): crystals from the mines there are a 
shiny cobalt-blue and measure up to 5cm in diameter. 

Elsewhere, significant finds have been made in the 
following locations: Broken Hill, Australia; Ouro Preto, 
Minas Gerais (Brazil); Ontario (Canada); Cornwall and 
Devon (England); Zacatecas (Mexico), and many parts 
of Europe and Asia. In the USA, scorodite has been 
found in plentiful deposits at Tiger (Arizona), 
Marajuba Hill (Nevada) and Gold Hill (Utah). 


so it cannot be marked by a coin, but will easily be 
scratched with a knife blade. Scorodite is a brittle 
mineral and when broken it has an imperfect 
cleavage. It fractures with a shell-like, curved 
conchoidal fracture. 

Scorodite is popular with collectors, especially 
when rare blue crystals are discovered. 


Tests 

Because of its arsenic content, scorodite produces a 
garlic smell when heated. It is soluble in most acids 
and when small fragments are placed in a test tube 
and heated, its water of crystallisation is removed and 
droplets form on the inside of the tube. 


Two of the main colours of scorodite - 4 green and 
Y blue. Both specimens were found at the Wheal 
Gorland Mine, Cornwall (England). 
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On the mineral 


Libya is one of the 


largest countries in  c— 


Africa - with a land 
area of 1,759,540 sq. 
km, it is almost 
twice as big as 
neighbouring Egypt 
and nearly one 
quarter the 

size of the 

USA. Libya 

is bordered 

in the north 

by the 
Mediterranean Sea, 


in the east by Egypt, 
in the southeast by 
Sudan, in the south 

by Chad and Niger, 

in the west by 

Algeria and in the 
northwest by Tunisia. | 


Ithough Libya’s 
most important 
natural resource 


is oil, the country also 
has abundant supplies 
of gypsum and many 
other minerals. 


The lie of the land 

Some 99 per cent of Libya 

is desert: this is generally 

defined as the Sahara, but 

may be divided into 

various regions. These 

include the Surt Desert, 

which touches the Mediterranean Sea on the Gulf 
of Sidra, and the Libyan Desert, part of which 
extends into Egypt. 


A The arid desert terrain which makes up nearly all the 
land of Libya is a rich source of oil and a range of 
mineral resources, especially salt. 
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Among Libyas other important physical features 
are the 500km-square Gefara Plain in Tripolitana, 
near the capital, Tripoli. 

In the centre of the country, Al-Haruj al-Aswad is 
a hilly, basaltic plateau which rises to about 700m 
above sea level. Further south, limestone hills rise to 
heights of 760m in places and then descend to the 
Fezzan, a desert plateau which gives way to the 
rugged Tibesti Mountains along the southern border. 


Natural resources 

Petroleum is undoubtedly Libyas most important 
natural resource and also its main source of revenue. 
By 2004, oil production had reached about 1.6 
million barrels a day, making Libya one of the 


4 The desert in Libya is 
not all sandy flats - 
many areas feature large 
outcrops of wind-eroded 
rock like this. 


world's major producers. The country's main oil 
fields are around Dahra and along the west-facing 
coast near Benghazi. 

Other important resources include iron ore 
and natron (hydrated sodium carbonate), which are 
mined in the Fezzan region. In Tripolitana, there are 
small but significant deposits of gypsum, lignite coal 
and manganese. There is also a large amount of salt 
produced in this area, which has many sabkhas (salt 
flats). The Surt Desert contains abundant chalk, 
limestone, marble, potash and sulphur. 


v Part of the Mediterranean coast of Libya, along 
which runs a narrow fertile strip - the one per cent 
of land that is not desert. 
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Dykes 


A dyke is a sheet of igneous rock which forms at 
an angle to the prevailing orientation of the host rock in which it occurs 
and is thus described as a discordant structure. 


ykes are sheet-shaped bodies of intrusive 
D igneous rock which cut across existing beds of 

country rock. They are usually vertical or 
nearly vertical. 


Spectacular features 

Although dykes are classed as minor intrusions and 
the smallest may be only a few centimetres in width, 
some may measure several metres across. When such 
structures are exposed by erosion on the surface of the 
Earth, they may make spectacular features. 

Most dykes are formed when molten magma is 
forced from below into the Earth’s crust through cracks 
in existing rocks. Sometimes, however, there may be 
some disruption to host rocks, particularly in the areas 
around dyke margins. 


v A dyke of andesite. The surrounding rocks in which it 
formed have since been eroded by wind and rain (USA). 


A A pale-coloured dyke 
cuts through the host 
rock, a basaltic lava (Isle 
of Skye, Scotland). 
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Dykes 


Dyke swarms 

Dykes may extend for 
many miles into the Earth, 
sometimes right through 
the crust and into the 
upper mantle. Large 
groups of dykes, known as 
swarms, may cover fairly 
large areas of the Earth's 
surface. The Cleveland 
dyke in North Yorkshire 
(England), for example, is 
linked to a swarm more 


than 200km away on the 
Isle of Mull (Scotland). 


Typical composition 
Although many dykes are 
composed of medium- 
grained igneous rocks, especially dolerite, dykes made 
of coarse-grained granitic pegmatites also occur. 

The grain size of the rocks in a dyke is largely 
determined by the size of the dyke itself — the broader 
the dyke, the coarser its grains. This is because, during 
periods of intrusion, large dykes generally retain their 
heat longer than small dykes. 


Chilled margins 

Whatever their basic grain size, dykes may have fine- 
grained rocks along their edges where magma has 
cooled quickly on coming into contact with the host 
rocks — these regions are known as chilled margins. 


Porphyritic rocks 

Many dykes contain fine-grained rocks with large, 
crystalline inclusions. These rocks — which are said to be 
porphyritic — indicate that there was a partial cooling 
of the magma before it was injected into the dyke. 


A On the left of this 
photograph is a tall and 
imposing dyke which has 
been exposed at the 
surface by the erosion of 
desert sediments (New 
Mexico, USA). 


4 Two basaltic dykes - 
one vertical, the other 
near-vertical - in close 
proximity on the Atlantic 
island of Tenerife (Spain). 


A The central vent of this extinct volcano has been 
filled with phonolite and surrounded by a ring of 
inward-sloping dykes which have filled in the 
fractures around the rim of the volcano's cone 
(Tenerife, Spain). 


Wegener and n 
continental drift — 
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Alfred Lothar Wegener (1880-1930) 

was a German geophysicist and 
meteorologist. His theories about the 
movement of the continents - though 
revolutionary and widely scoffed at 
when he formulated them - have since 
become generally accepted and 

have altered our perception of the 
geological history of the Earth. | 


f we look at a map of the world, it is immediately 

striking how the east coast of Brazil in South 

America appears as if it would fit snugly into the 
west coast of Africa along the Gulf of Guinea. 


Similar rocks 
This jigsaw-like effect was originally thought to be 
coincidental. But Wegener saw that the rocks in 
eastern South America are very similar to those in 
western Africa. From this, he conceived the idea that 
the two continents had once been joined together but 
had later drifted apart. This theory was reinforced by 
the discovery that the two regions have many 
fossils in common, most notably those 
of the plant Glossopteris. 


A Wegener's theory of 
continental drift was 
based on the worldwide 
distribution of various 
fossils. One of these, a 
coral known as /satraea 
(shown here), lived in 
tropical seas during the 
Jurassic Period in an 
area which has since 
drifted north of the 
tropics and is now in 
Dorset (England). 


Pangaea 

From 1910 onwards, 
Wegener devoted his life 
to proving not only that 
Africa and America had 
once been joined 
together, but also 

that all the great 
continents had 
originally formed a 
single land mass, to 
which he gave the 

name Pangaea. 

Wegener proposed 
that the southern part of 
this vast continent became 
separated from the northern 
part. This southern part is 
known as Gondwanaland, a name 


<A computer-generated 
impression of the continents 
just as they were drifting 
apart 100 million years ago. 


A Folds such as this may 
be caused by collisions 
between continents. 


coined by the Austrian 
Eduard Suess (1831— 
1914), another of the 
founding fathers of 
structural geology. Suess's 
treatise The Face of the 
Earth (1909) suggested 
that Gondwanaland 
comprised nearly all of 
what we now know as 
Africa, Antarctica, the 
Arabian peninsula, 
Australia, India and 
South America. 


Date of break 
According to Wegener's 
theory of continental 
drift, Gondwanaland and ^ A Mount Everest (8848m), the world's highest peak, which was formed as a result of 
the northern continent, continental drift when India drifted into Asia and led to the creation of the Himalayas. 
Laurasia, had started to 
disintegrate during the Late Paleozoic Era (about 250 believed — quite wrongly — to have joined the 
million years ago) to form the world map with which continents before being submerged beneath 
we are now familiar. the oceans. 

For many years, Wegener’s work was viewed with Wegener' theories were finally given the 
great scepticism by the scientific community, not recognition they deserved in the 1960s and provided 
least because his theory was founded on pre-existing scientists with a lead-in to plate tectonics. According 
literature rather than on field work. The similarity of to this now widely accepted theory, collisions 
fossils in Africa and South America was explained between drifting continents cause upthrusts which 
away by reference to a great land bridge which was create concertina-like mountain ranges. 
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Dumortierite is used to 
make industrial furnace 
linings. Its crystals 
are rare. 


umortierite is usually blue 
but can also be violet, 
pink or reddish brown. 
'The mineral is named after 
Eugene Dumortier, a 
French fossil expert 
(palaeontologist). It was 
discovered in 1881. 
Dumortierite crystals — 
which are prismatic — are 
rare. The mineral usually 
occurs as fibrous, granular 
or columnar masses. 


Blue or violet dumortierite is 
occasionally fashioned in cabochons 
or tumble-polished. 


A A specimen of dumortierite 
from Madagascar. 


< A specimen of dumortierite 
containing white intergrowths of 
quartz (Madagascar) 


CHARACTERISTICS 


Dumortierite is a member of the silicate group 

of minerals and is made up of aluminium, boron, 
oxygen and silicon. It is a transparent to translucent 
mineral and its sheen (lustre) may be either glassy 
(vitreous) or dull. 

Dumortierite crystals are classified in the 
orthorhombic system of symmetry. They are 
prismatic in shape but are extremely rare. 

Dumortierite is more than three times heavier 
than water and is very hard (scoring 84 on the Mohs 
Scale). It is insoluble, even in hot, concentrated acids, 
and is impossible to melt (it is infusible). 


4 DU 4 MINERALS | 


A hard mineral 

With a hardness of 8% on the Mohs Scale of 
hardness, dumortierite is one of the hardest 
minerals and cannot be marked by a specimen 
of quartz (which scores 7). Its density at 3.41 is 
slightly above average. 

Bluish prismatic crystals of dumortierite may 
look similar to those of cyanite (aluminium silicate). 
However, cyanite is much softer at 5% to 7 on the 
Mohs Scale and commonly forms as bladed 
prismatic crystals. 

This is in contrast to dumortierite, whose 
crystals are rare, and the mineral more often 
occurs in columnar, radiating or massive (no 


distinct shape) habits. 


Industrial uses 

Dumortierite is impossible to melt (fuse), and this 
high resistance to heat makes it useful for the linings 
of industrial furnaces. This is a typical characteristic 
of minerals that contain aluminium. 


> A mass of violet dumortierite from California. 


A Blue massive dumortierite 
from Madagascar. 


FACT FILE 
DUMORTIERITE 


Group: Silicates 

Crystal system: Orthorhombic 
Chemical formula: Al;(BO;)(Si0;),0; 
Hardness: 8% 

Density: 3.41 

Cleavage: Good 

Fracture: Uneven 


Colour: Blue, violet, pink, reddish brown 
Streak: White 

Lustre: Vitreous to dull 

Fluorescence: None 


> A compact, fibrous mass 
of dumortierite from 
California, USA. 


ORIGINS and DISTRIBUTION K 


^ Dumortierite forms mainly in aluminium-rich 


metamorphic rocks, including gneisses and schists, 
and in some pegmatites. 

Dumortierite is found in Australia, Brazil, Canada, 
France, India, Italy, Madagascar, Norway, Poland, 
Russia, Sri Lanka and Surinam. In the USA it is found 
in Arizona, California, Colorado and Nevada. 
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Bayldonite 


Bayldonite is a rare mineral 
found with copper deposits. 
It hardly ever forms as crystals. 


ayldonite is predominantly a bright, grassy green 
in colour, although some specimens may be dark 
green or yellowish green. It is named in honour 
of John Bayldon, a 19th-century English physician. 
Bayldonite is a rare mineral that occurs, in 
association with copper minerals, in only a few parts of 
the world. It is usually found as crusts coating rock 
surfaces, and in rounded concretions. 
Many copper-bearing minerals are green in 
colour, but bayldonite can be identified by further 
examination. When tested for hardness, it is found 
that bayldonite registers 4% on the Mohs scale of 


4 Bayldonite 
on limonitic 
rock (Cornwall, 
England). 


> A An encrustation of green 
bayldonite on a base (matrix) of 
copper-bearing rock. This deposit 
was found in the Brandy Ghyll Mine, 
Caldbeck Fells, Cumbria (England). 


FACT FILE 
BAYLDONITE 


Group: Arsenates 

Crystal system: Monoclinic 
Chemical formula: Cu;sPb(As0,);(OH); 
Hardness: 47 

Density: 5.5-5.8 

Cleavage: None 

Fracture: Uneven 


Colour: Bright, grassy green, dark 
green, yellowish green 


Streak: Green 
Lustre: Resinous 
Fluorescence: None 


A A crust of bayldonite on limonitic rock from the Penberthy Croft Mine, St Hilary, Cornwall (England). 


Rare mineral 


Re oe : 2d 
Bayldonite is a member of the arsenate group of 
minerals. Each molecule is composed of three atoms 
of copper, one atom of lead, two arsenate radicals 
(chemical formula AsO4) and two hydroxyl radicals 
(formula OH). 

Crystals of bayldonite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. Bayldonite 
generally takes the form of massive, granular or 
powdery specimens. 

Light only just passes through this mineral, which 
is thus described as subtranslucent. It has a waxy 
sheen (resinous lustre). 

Bayldonite is a moderately hard mineral, 
registering 4% on the Mohs Scale of hardness. 


hardness, so it can be marked with a steel knife blade 
(Mohs Scale 6%) but not by a coin (3%). Because of its 
copper and lead content, bayldonite has a density of 

5.5 to 5.8, which is considerably higher than average. 


Pima County, Arizona (USA). 


Test 


ORIGINS and DISTRIBUTION 6% a: 


—Bayldonite is a secondary mineral which forms in 
the oxidation zones of copper-bearing deposits. It 
is associated with a wide range of other minerals, 
principally azurite and malachite (hydrous 
carbonates of copper), mimetite (lead arsenate 
chloride) and olivenite (a hydrous copper arsenate). 

The classic location (type locality) of bayIdonite 
is at St Day, Cornwall (England): it is against 
specimens from here that new finds are tested for 
authenticity. The world's other main sources of this 
mineral include Broken Hill, New South Wales 
(Australia); Wheal Carpenter, Cornwall, and the 
Brandy Ghyll Mine, Caldbeck Fells, Cumbria 
(England); Allier (France); Tsumeb (Namibia); and 


4 Part of a copper-bearing 
mineral vein containing 
grape-shaped (botryoidal) 
bayldonite on rock and 
quartz (Wheal Carpenter, 
Cornwall, England). 


4 Bayldonite on limonite 
(iron oxide) and quartz 
(silicon dioxide). This 
specimen was found 

in the Caldbeck Fells, 
Cumbria (England). 


If small grains of bayldonite are heated in a closed tube 
they will release water, and droplets will coat the inside 


of the tube. 


boron, and is found 
i. inassociation 
with minerals formed 
by the evaporation of 
saline water. 


ar q Boracite contains the element 
Ke i 


oracite is often 

white but may also 

be bluish green, green, 
grey, yellow or colourless. Its name 
is derived from the element boron, which 
is one of its main chemical components. 

Most boracite is formed at low temperatures and 

conforms to the orthorhombic system of symmetry. 
A different variety of boracite forms above 265°C, 


but as the temperature falls this changes and becomes 


the same as the low temperature type. It is therefore 


> White boracite crystals with a surface coating of 
brownish iron oxides. 


A Bluish green boracite cystals from the potash mine 
at Boulby, North Yorkshire (England). 


JeJeuiu 9Je4 — É 


A Despite 
conforming to 

the orthorhombic 
system of symmetry, 
these crystals of 
boracite display a 
tetrahedral habit. 


of the 

borate group of minerals. Each molecule is composed 
of three atoms of magnesium, seven atoms of boron, 
13 atoms of oxygen and one atom of chlorine. 

Crystals of boracite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. Usually boracite 
occurs as cube-shaped or pseudo-octahedral crystals. | 
It can also have a fibrous or granular habit. Many 
boracite crystals share a common face: in scientific 
terms, this phenomenon is known as twinning. 


Rare mineral 


> Transiucent crystals 
of boracite. Note the 
twinning (crystals that 
share a common face), 
a common feature of 
this mineral. 


FACT FILE 
BORACITE 


Group: Borates 


Crystal system: Orthorhombic 


Chemical formula: Mg;B,0;3Cl 


Hardness: 7-7% 


Density: 2.95 


Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: White, bluish green, green, grey, yellow, colourless 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


A Green crystals of boracite which show clearly both 
the twinning and the glassy sheen (vitreous lustre). 


only this variety that occurs on, or near, the surface 


of the Earth. 


Evaporite deposits 

Boracite is commonly found with evaporite minerals 
such as anhydrite (calcium sulphate), gypsum 
(hydrated calcium sulphate) and halite (sodium 
chloride). Most specimens, however, are obtained as 
a by-product of the commercial extraction of sylvite. 
Sylvite — a naturally occurring form of potassium 


chloride — is an important ore of potash, which is used 
to make agricultural fertilisers. 


Tests 

When heated in an open flame, boracite colours the 
flame green because of its boron content. Boracite is 
insoluble in water, but soluble in hot hydrochloric acid. 
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i Boracite probably forms from the watery residue of 
rock salt (halite). It occurs with evaporite minerals 
such as halite, gypsum and sylvite, and is found as a 
gangue mineral (waste product) when they are being 
mined. It is much harder than these evaporite 
minerals and so is easy to distinguish from them. 

The world's principal localities for boracite are 
New Brunswick (Canada); Boulby, Yorkshire (England); 
Luneville (France); Hannover and Stassfurt (Germany); 
Inowroclaw Salt Dome (Poland); and California (USA). 


A The Boulby Potash Mine in North Yorkshire (England), 
which contains quantities of boracite that are extracted 
as a gangue (waste) mineral during the commercial 
mining of potash. 
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Peat 


Peat is made of partially 
decomposed vegetable matter 
which has been saturated with 
water and compacted. It may eventually 
become coal and is a source of cheap fuel. 


eat is usually dark brown or brownish black, 

although its colour may vary from location to 

location because of the different materials it may 
contain. The origin of the word is uncertain, but it is 
thought to derive from the medieval Latin word peta, 
which became ‘peat’. 

All coal is formed from decayed plant and 
vegetable matter which has been compacted into 
rock (lithified) below the surface of the Earth. The 
first stage in this process leads to the formation of a 
loosely consolidated sedimentary rock which is full 
of imperfectly converted material, impurities and 
water — this is peat. 

In many peat deposits, plants and branches may 
still be clearly visible. The main genera are the mosses 
Sphagnum and Hypnum; there are also significant 
amounts of rush and sedge. 


Large deposits 

Peat deposits may be many metres thick. They form by 
a continual process of decay and deposition — plants 
fall into swampy water and are then compacted and 


CTERISTICS 


| The essential components of all peat are plants 
which have been at least partly decomposed, leaving 
substantial quantities of carbon. 
Peat may also contain small quantities of 
numerous detrital materials, including calcite 
(calcium carbonate) and quartz (silicon dioxide). 
| In addition, deposits may sometimes contain tiny 
amounts of amber (a fossil resin), animal shells and 
various materials formed by changes occurring 
during compaction. 

Many peat deposits give off significant quantities 
of the poisonous gas ammonia. 


zl 


A Peat showing its 
fibrous texture with 
dark brown, partly 
decomposed vegetation 
(Yorkshire, England). 


4 Cut peat in an 
Irish bog. 
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Sedimentary rock 


A A peat bank on the Isle of Lewis (Scotland). 


hardened by the pressure of subsequent, overlying 
layers of the same vegetable material. 


High carbon content 
Peat contains carbon — this accounts for its 
excellence as a heat source — together with volatile 


same material. 


ORIGINS and DISTRIBUTION < 


Peat is formed mainly in temperate or sub-Arctic 
climates through the deposition of plant debris in 
marshes, on the floors of forests or on moorlands. 
This material is eventually compacted into rock 
beneath the weight of subsequent layers of the 


This loosely consolidated sedimentary rock is 
widespread throughout many parts of northern 
Europe - especially Denmark, England, Germany, 
Ireland, Poland, Russia and Scotland - and in cooler 
regions of Canada and the USA. 


material. l'he carbon content increases in direct 
proportion to the degree of compression: it may be 
as much as 60 per cent of the volume. Peat is still 
wet when it is cut and must be dried before it can 


be used as fuel. It is also used by gardeners, who dig 


it into the soil to add nutrients and retain water. 
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PEAT 


Type: Sedimentary rock 


Essential components: Plants 


Secondary components: 
Calcite, clay, quartz 


Colour: Dark brown, 
brownish black 


Texture: Fibrous 


Grain size: Variable 


Density: 2.2 


4 After it is cut, peat 
must be piled into small 
stacks (rickles) and left 
to dry before it can be 
used as fuel. 


4 Peat is a very soft 
sedimentary rock which 
is easily eroded. 


" GROUNDWORK 


the mineral 


trail: Romania 


Romania is an 
independent 


republic in southeast 


Europe which 
occupies an area of 
237,500 sq. km and 
extends for about 
480km from north to 
south and 680km 
from east to west 

at its widest point. 
The country is 
bordered by Ukraine 
in the north and 
east, Moldova in the 
northeast, the Black 
Sea in the southeast, 
Bulgaria in the 
south, Serbia in 

the southwest 

and Hungary in 

the northwest. 


Ithough most 
of Romania is 
still primarily 


agricultural, the country 
contains abundant 
mineral supplies of iron 
ore, halite, copper and 
bauxite, and is also rich 

in the natural resources of 


4 Undulating hills in 
southern Romania, which 
give way to the Carpathian 
mountain range. 


Romania 


On the mineral tra 


A The River Danube delta 
near Tulcea. 


oil, natural gas, coal, 

. . S . 

lignite, chromium, 
manganese, lead and 
zinc. Manufacturing 
and mining account for 
more than 66 per cent 
of the gross national 


product (GNP). 


The lie of the land 
Romania is dominated by 
the Carpathian Mountains 
which extend from Ukraine into eastern Romania and 
curve southeast and then west across the centre of the 
country. The mountains then turn southwards where 
they are cut by the River Danube, the other main 
geographical feature. The Carpathians occupy about 
30 per cent of the country’s area and include its 
highest point, Mount Moldoveanu (2544m). 


Mineral wealth 
Iron ore is important to the Romanian economy: 
by 2005, 300,000 tonnes were being produced each 
year. The main centres of mining and smelting are 
at Calarasi, Galati, Hunedoara and Resita. Most of 
Romanias non-ferrous metals — especially copper, gold 
and silver — are concentrated in the southwest and west 
of the country. 

In recent years, aluminium production has been 
developed at Slatina and Tulcea. 

The Carpathians contain large deposits of salt 
(halite); over 3.3 million tonnes are produced each 


A Countryside near the iron ore smelting centre of Galati. 


year. Here, too, are small but significant quantities of 
lead, mercury and zinc ores. 


Natural resources 

Romanias most important natural resource is 
undoubtedly oil. In 2003, production of crude 

oil reached 5.8 million tonnes a year. The main 
production centre is Ploiesti, but oil was also found 
offshore in Romanian waters of the Black Sea in 1981. 
Most oil is found in shales along the outer rim of the 
Carpathians; in addition, there are deposits in the 
River Arges basin around Videle. 

Most of Romania's coal is high-quality bituminous, 
and there are abundant reserves in many parts of the 
country. Low-quality lignite is also mined in many 
areas: this is used to make cheap domestic fuel and to 
fire the country’s power stations. 

About 6.6 billion cubic metres of natural gas 
are extracted each year from the Carpathians 
and Transylvania. 


e Glacial deposition 


As glaciers and ice sheets erode the landscape they pick up debris, which is 
deposited when they melt to create various landforms. 


he most characteristic feature of 

glacial deposition is the moraine. 

A moraine is a mass of rocks and 
debris that have been brought down and 
deposited by a glacier. 


Moraines 

When a glacier is flowing, debris is 
picked up in the base and sides of the 
ice. Also, some rock fragments that have 
been removed by free-thaw action fall 
from mountain sides onto the ice. This 
debris varies from ‘rock flour’ (very fine- 
grained dust) to large boulders many 
metres across. 

An active glacier can have numerous 
sinuous ridges of sediment on its surface, 
which eventually become moraines 

e after the ice has melted. Much sediment 
is also moved along at the front of the 
glacier or ice sheet and may be pushed 
many miles from its origin. After the ice 
has melted, all this rock debris forms 
various kinds of moraine. 

Marking the position to which the 
ice originally extended is the terminal 
moraine. This consists of an irregular 
ridge of unsorted, jumbled sediment 
without neat stratification. 


A A moraine in the Alps 
(northern Italy). Moraines are 
made of sediment that has 
been eroded and transported 
by moving ice. This moraine 
contains clay, small rock 
fragments and large boulders. 


4 This large boulder, known as 
a glacial erratic, was carried 
some distance by ice and 
deposited on a limestone 
pavement. After the ice 
melted, the pavement eroded 
away, leaving the erratic 
perched on the remaining 
protected limestone base 
(Pennines, England). 
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Glacial deposition 


A When glaciers retreat, they may leave 
behind distinctive whale-backed hillocks 
known as drumlins. Drumlins often form 
in large groups, known as swarms 
(Cumbria, England). 


Along the margins of a glacial 
valley there may be mounds and ridges of 
lateral moraine, formed by the rock debris 
carried along the edges of the glacier. The 
valley floor will be littered with loose 
glacial debris representing the material 
carried below and within the glacier. 


Drumlins 

Sometimes rounded masses of glacial 
sediment are formed which have a 
streamlined, smoothed shape. They 

form small hills, a few tens of metres in 
height, made of typical glacial sediment, 
containing a jumbled mixture of clay and 
larger rock fragments. 

Drumlins are elongated in the 
direction of the ice flow and have a 
steeper side upstream and a more gentle 
slope downstream. They may occur in 
great numbers, giving rise to the so-called 


‘basket of eggs’ landscape. 


Fluvio-glacial deposition 

Glaciers and ice sheets have much flowing water 
below them and within them. This can carry 
sediment which is deposited within the ice and in 


the ‘outwash plain’ beyond the limits of the ice mass. 


When the ice is melting and in retreat, much 
water becomes available to carry and deposit rock 


A The foot of the Franz Joseph Glacier (New Zealand). Note the 
meltwater and piles of rock debris in front of the leading wall of ice. 


debris. Narrow, sinuous ridges of sediment, called 
eskers, represent the sediment formed on the beds of 
streams flowing beneath the ice. 

The outwash plain can be a wide area many 
kilometres in extent, covered by numerous deposits 
of sediment. This material differs from that left 
behind by ice in that it is sorted into different sizes 
(clay, sand, pebbles and boulders) and also much of 
it is stratified. 


Glacial erosion 


Glacial erosion - which occurs when a glacier or ice sheet rubs against and wears 
away the rocks over which it passes - creates a wide range of landforms. 


variety of landforms are created by the erosive 
A force of glaciers and ice sheets. Much of this 

erosion is caused by rock fragments held in the 
ice. Mechanical erosion is the most important form of 
glacial erosion. This is mainly concentrated along the 
floor of an ice sheet or valley glacier. The base of a 
glacier or ice sheet can freeze into joints and cracks in 
the bedrock, and as it moves rock fragments are pulled 
away. Abrasion caused by eroded rock debris frozen 
into the ice is powerful in polishing and smoothing 
bedrock over which the ice mass flows. 

Glacial erosion may lead to the formation of many 

striking landform features, including cirques, fjords, 
hanging valleys and roches moutonnées. 


Valley glaciers 

The classic landform associated with glacial erosion in 
upland areas is the U-shaped valley. This has steep 
sides which often rise up into mountainous regions, 
and is very straight in comparison to the more sinuous 
profile of a valley formed by flowing water. 


The cross section has a U shape as a result of the 
way the whole valley floor and the sides below ice level 
are eroded by the glacier ice. Any spurs jutting into the 
valley will be truncated by the ice and the valley floor 
may be characterised by smooth rock steps. 


Hanging valleys 

Tributary valleys, formed by smaller glaciers and 
leading from mountainous regions to the main valley 
glacier, will only be eroded down to the level of the 
main glacier. When glaciation is over and the glaciers 
have melted, such valleys are left hanging high above 
the floor of the main valley. Often spectacular 
waterfalls plunge from hanging valleys. 


Corries 
A corrie (otherwise known as a cirque or cwm) isa 
relatively small, scooped-out hollow high in a 


v A corrie formed by glacial erosion during the last Ice 
Age (Clas Bheinn, Scotland). 
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Glacial erosion 


> Although many valleys are excavated by the rivers 
that pass through them, the stream that now flows 
through Martindale (Cumbria, England) is too shallow 
and meandering ever to have excavated such a deep 
valley .The U-shaped profile shows that it is the product 
of glacial erosion during the last Ice Age. 


A Perhaps the most classic products of glacial erosion, 
mountains with pyramidal peaks are formed when 
several glaciers erode the high ground from which 
they originated (the Alps, Austria). 


mountainous region. Corries are roughly circular 
or oval in outline and have steep back and side rock 
walls. Many corries now contain small lakes, often 
called tarns. 

Corries usually face north or northeast, as this is 
the direction best suited to the accumulation of snow 
and ice. Snow which has built up in a mountain 
hollow may, under compaction, turn to ice and 
eventually a small corrie glacier will be created. This 
may move rotationally downslope and in so doing 
will excavate the corrie. 

The back wall of the corrie is steepened by freeze- 
thaw action and quarrying by ice movement. Often 
a rock lip or moraine is present on the downslope 
margin of the corrie. This rock lip or moraine acts as 
a dam, which helps to create a small lake in the corrie 
after glaciation. 


Fjords 

A fjord is a deep, narrow inlet of sea water, which 
may extend a great distance inland from the coast. It 
forms at the coast as a valley glacier, which is then 
flooded after glaciation. As the products of glacial 
erosion, fjords form only where the furthest extremity 
of the ice sheets falls below sea level. 


SCOVER\ 


Smaller landforms 

In low-lying regions of ice sheet erosion, the landscape 
created is often one of hummocky rock surfaces dotted 
by small hollows that are frequently filled with water. 
The landscape has a definite ‘grain’ to it parallel to the 
ice sheet movement, and higher rock masses are 
elongated in this direction. 


Roche moutonnées 

Roche moutonnées are rock masses which have been 
shaped by the passage of ice. They have a smooth 
upstream side which has been formed by abrasion, 
while the downstream side is steep and plucked by 
quarrying action as the ice has become frozen into rock 
joints. Roches moutonnées often occur in large groups 
(swarms) which sometimes resemble grazing animals. 
In fact, their name comes from the French meaning 
‘sheep-like rocks’. 


A The glacier which formed this roche moutonnée 
flowed from right to left across the ground 
(Lochinver, Scotland). 
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| MINERALS 


1Hornblende 


Hornblende is a silicate mineral 
and a member of the amphibole 


group. It commonly occurs in 
igneous and metamorphic rocks. 


ornblende varies in colour from green 
and brownish green to black. Its 
crystals are usually prismatic in 

shape. Hornblende is found in a variety 

of igneous and metamorphic rocks. 

Hornblende’s crystals are classified 

in the monoclinic system and they 

frequently occur as long prismatic 

shapes with a hexagonal cross 

section. There may be 

grooves (striations) 

along the faces of the 

crystals. Twinning is 

frequent, with crystals 

sharing a common 

crystal surface. 

The mineral 

can also occur in 

a variety of other 

habits. These 

include fibrous, 


bladed, granular, 


> Green-black 
crystals of 
hornblende 
with feldspar. 


HORNBLENDE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: Ca;(Mg,Fe),Al(Si+Al)02(0H,F)z 
Hardness: 5-6 


Density: 3.28-3.41 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, brownish green, black 


Streak: Grey or white 


Lustre: Vitreous 
Fluorescence: None 


CHARACTERISTICS 


Hornblende is a silicate mineral and a member of 
the amphibole group. The amphiboles are complex 
silicates which have metals such as iron, calcium, 
magnesium and aluminium in their chemistry. They 
also have the hydroxyl radical (OH), silicon and 
oxygen. Hornblende additionally contains fluorine. 

Crystals of hornblende are classified in the 
monoclinic system of symmetry in which no 
crystallographic axis is the same length as any other. 
Hornblende crystals occur as long prisms, usually 
with a hexagonal cross section and lengthwise 
striations (grooves) on their surfaces. Twinned 
crystals are common. When hornblende breaks, it 
shows perfect cleavage in two directions with angles 
of 60° and 120° between the surfaces. 


Widespread mineral 


ORIGINS and 
DISTRIBUTION 


Hornblende is a very 
widespread mineral. It forms 
in many types of igneous rock, 
including granites, diorites, 
granodiorites and syenites. 

It is also commonly found 

in amphibolites and in 
hornblende schists, in which 
it is often accompanied by 
garnet and quartz. 

Some of the finest 
specimens of hornblende 
have been found in the 
following locations 
worldwide: Australia; Renfrew 
County, Ontario (Canada); Bilin 
(Czech Republic); Pargas 
(Finland); around Mounts 
Vesuvius and Etna (Italy); 
Arendal (Norway); Nordmark 
(Sweden); and California and 
New York State (USA). 


A Dark crystals of hornblende 
with plagioclase feldspar 
(Arendal, Norway). 


compact, columnar and massive 
(with no definite shape). Because 
of the presence of iron in its 
chemistry, hornblende has a 
higher density (3.28 to 3.41) 
than average and its hardness is 
measured at 5—6 on the Mohs 
Scale of hardness. 


boles 

The amphibole group minerals 
are silicates that contain a variety 
of metals such as iron, calcium, 
magnesium and aluminium. 
They are common rock-forming 
minerals, occurring in many 
igneous rocks, especially those 
of acid and intermediate 
composition. Granite often 
contains crystals of hornblende, 
and hornblende schist is so called — A A sheaf-like aggregate of hornblende crystals (Zillertal Alps, Austria). | 
because of the occurrence of 


Amphi 


much hornblende in this rock. reflects the fact that the pyroxenes crystallise at 

In some respects amphiboles such as hornblende higher temperatures. | 
are similar to minerals of the pyroxene group such as The best way to tell the two groups apart is to | 
augite. The chemical composition of the two groups study their cleavage. Amphiboles have two cleavage 
has similarities, but the pyroxenes do not contain the planes that intersect at 60° and 120°; pyroxene group 


hydroxyl radical (OH) found in amphiboles. This minerals have a cleavage angle of 90°. | 
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° Argillites 


Argillites are argillaceous rocks — 
sedimentary rocks such as clay, 
mudstone, shale and siltstone. 


rgillites are mainly grey but may also be black, 
brown, yellow or greenish. The name — which 
may be used to describe any argillaceous rock, 
especially mudstone — is derived from the Latin argilla, 
meaning 'clay'. 
Argillites are nearly always deposited in water and 
have a widely variable composition — they are classified 
as detrital sedimentary rocks. 


Fine grains A A specimen of calcite-rich marl from rocks of the 
Their main common feature is that they all have very Triassic Period around Bristol (England). 
small (fine) grains: argillites with component particles 

e between 0.06mm and 0.004mm in diameter are known as silts; argillaceous rocks made up of particles 


less than 0.004mm in diameter are called clays. 


FACT FILE . 

j ; =e Siltstones 
ARGILLITES Siltstones are sedimentary rocks which may show 
Type: Detrital sedimentary rocks cross-bedding, ripple marks and other signs of having 
Essential components: Clay minerals, feldspar, mica, quartz been deposited ina flowing current of water. 


Colour: Grey, black, brown, yellow, greenish 
Texture: Fine-grained 

Structure: Bedded or unbedded 

Density: 2.6 


A Although it is now a cliff, this black shale was originally formed on the sea bed (South Wales). 
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Some siltstones are industrially important sources of 
mica minerals. 


Mudstones 

Mudstones often contain clay minerals and grains of 
feldspar, mica and quartz. They are generally rich in 
fossils. Marl, one of the most important varieties, 
contains a high concentration of the mineral calcite 
(calcium carbonate). 


Shales 

Shales break easily along their well-defined bedding 
planes — in scientific terms, they are said to be fissile. 
Chemically, they are similar to clays but contain 
fewer clay minerals, such as kaolinite, and more mica 
and quartz. 


Clays 

Clay is formed through the alteration of feldspars in 
granitic rocks and is the most important raw material 
in the ceramics industry. The fine ‘rock flour’ of clays 
is generally made of feldspar, mica and quartz, and 
may contain accessory minerals such as tourmaline 
and zircon. 


«4 Each band in this clay 
represents one year's 
growth. 


> Irregular layers of 
argillite. The top and 
bottom layers are clay; 


v Marl containing fossils 
of the freshwater snail 
Viviparus. 


the middle is white marl. 


The essential minerals in argillites are: clays, 
especially kaolinite (aluminium silicate); feldspars 
(silicates of potassium and alumium and silicates of 
sodium, calcium and aluminium); micas (silicates of 
aluminium, potassium and other metals); quartz 
(silicon dioxide). 

A variety of other minerals can be found in 
argillaceous rocks. Exactly what these are depends on 
the area from which the sediment is derived and the 
processes the rock has undergone after deposition. 

Argillaceous rocks often contain well-preserved 
fossils, which may include parts of original shell 
material. 


A YE parts of ocean basins where the most 
frequent sedimentation is dust and similar fine- 
grained particles which have been carried out to sea 
on the wind. 

Argillites are also found in shallower waters, where 
they have formed from mud and finer sedimentary 
particles which have fallen onto the sea bed. 

Argillite beds are found in many parts of the world. 
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Arsenic 


Arsenic is a metallic 
element used in industry 
* asa component of 
lead-based alloys and transistors. 


hen fresh, arsenic is pale grey. 
However, on exposure to oxygen in 
the air, it will quickly tarnish to a 
dark grey colour. Although it may be found 
as a native element, most arsenic is refined 
from the mineral orpiment — this explains its 
name, which comes from the Greek 
arsenikon, meaning ‘orpiment’. 


Wide distribution 

Although arsenic is fairly widely distributed 
in many parts of the world, it is seldom 
found uncombined with other elements 

(in its native state). Even though orpiment 


and other minerals containing arsenic have 

been known since the fourth century BC, arsenic was 

not identified as a chemical element until 1649. 
Nevertheless, some scientific historians believe 

that arsenic may first have been isolated as early as 


FACT FILE 
ARSENIC 


Group: Native element 
Crystal system: Trigonal 
Chemical symbol: As 
Hardness: 37 

Density: 5.7 

Cleavage: Perfect 
Fracture: Uneven 
Colour: Grey 

Streak: Pale grey 
Lustre: Metallic 
Fluorescence: None 


> Arsenopyrite (iron and 
arsenic sulphide) is the 
most important industrial 
ore of arsenic. This 
specimen - which also 
contains pyrite - comes 
from Wheal Crebor, Devon 
(England). 


A A specimen of arsenopyrite with a surface 
coating of native arsenic (Cornwall, England). 


4 Arsenic forming a crust 
on rock. The associated 
mineral is stibnite 
(antimony sulphide). This 
specimen was found in 
Borneo (Indonesia). 


eS 
- 
le»! 
E 
cn 
c 
— 
CS 
WN 


"ne T E 


| Arsenic is a native element with the chemical 
| symbol As. 
| Crystals of arsenic conform to the trigonal system 
of symmetry but generally occur in the form of six- 
sided prisms, rhombohedra, pseudo-cubes or D 
acicular (needle-shaped) crystals. i 
when arsenic is heated to 616°C, it passes directly 
from solid to vapour without going through the 
normal intermediate liquid stage - the scientific 
term for this process is sublimation. 
Scoring 34 on the Mohs Scale of hardness, 
arsenic is a relatively soft mineral, which can be | 


A This specimen is composed of a crust of easily marked with a knife blade (which scores 5%). 
arsenic on a base of silvery stibnite crystals Arsenic is fairly heavy, weighing 5.7 times more 
(Sarawak, Malaysia). than the equivalent volume of water at normal 


room temperature. 
1250 by Saint Albertus Magnus (1200-1280), the 
German scientist who taught Thomas Aquinas 


(1224—1274). 


ORIGINS and DISTRIBUTION &% 2? 


— Arsenic forms mainly in hydrothermal veins, where 
it is associated with ores of lead, silver, cobalt 
and nickel. It is also found in dolomitic limestone. 

Some of the finest specimens of this native 

element have been found in the following 
locations: Australia; Montreal (Canada); Chile; Czech 
Republic; Sainte Marie-aux-Mines, Alsace (France); 
St Andreasberg and the Harz Mountains (Germany); 

Italy; Fukui (Japan); New Zealand; Gikos, Siberia 

(Russia); and Arizona (USA). 


Rare crystals 
While specimens of arsenic as a native element are 
rare, distinct, individual crystals are even rarer — 
most specimens occur as kidney-shaped (reniform), 
granular or stalactitic masses. 


Tests and treatment 

When it is heated in an open flame to temperatures 
of about 450°C, arsenic gives off poisonous white 
fumes with a distinctive smell of garlic. The metal is 
soluble in all acids except hydrofluoric, which is thus 
the only substance that may be used to remove 


surface impurities. However, the tarnish which Industrial uses 
develops on the surface of native arsenic when it is Arsenic is an important component of cerain types 
exposed to the atmosphere cannot be removed by of glass and semiconductors, and is also used as a 


any means. hardener in alloys made predominantly of lead. 


‘Tutt 


Tuff is a rock 

composed of ash 

and larger fragments 
thrown out in volcanic eruptions. 


uff is a rock of igneous origin that is sometimes 
bedded (stratified). The vast majority of 
igneous rocks are characterised by a variety 
of igneous structures but tuff may have sedimentary 
characteristics, because it is often deposited when fine- 
grained volcanic dust and ash settle in water. 
Tuff is composed of ash thrown out by volcanoes. 
In scientific terms, it is known as a pyroclastic 
formation. Its structure is often loose, but it is 
sometimes more tightly compacted. 
Basically tuff is a fine-grained material, each grain 
of which is less than 5mm in diameter. However, this 
groundmass may contain larger fragments. 


Main types 
Tuff with a large proportion of mineral crystals is 


known as crystal tuff. Rocks of the same type which 


A Tuff containing large, coarse-grained particles that 
were too heavy to travel far and were thus deposited 
close to the source volcano. 


> A specimen of tuff with rounded rock fragments 
(lapilli) set in the fine-grained groundmass of the rock. 


A Volcanic ash which settles in water may be stratified 
into neatly layered beds, as seen in this specimen 
(Leicestershire, England). 


ORIGINS and DISTRIBUTION £, 


— Tuff is produced by volcanic activity — it is particularly 
associated with explosive eruptions, which throw 
pyroclastic material high into the air, but may also 
be formed by ash which flows across the surface of 
the Earth. 

Tuff may be seen around nearly all the world's 
active volcanoes. Some of the finest deposits occur 
on the slopes of Mounts Etna and Vesuvius (Italy). 


contain shards of glass are known as vitric tuffs; 
tuffs formed from rivers of ash which have flowed 
downhill are known as ash-flow tuffs. 

Some tuffs contain fragments of pumice and other 
rocks measuring more than 60mm in diameter: such 
rocks are known as lithic tuffs. 

Individual rock fragments within a body of tuff 
are known as lapilli, from the Latin /apillus, meaning 
‘little stone’. 


Graded grains 

In general, the largest fragments of ash fall closest to 
the volcano because they are less easily carried on the 
wind. The smaller fragments may be deposited many 
miles from the source of the eruption. 


> Tuff with large rock 
fragments that must 
have landed close to the 
volcano from which they 
were emitted. 


FACT FILE 
TUFF 


Type: Igneous rock 

Essential components: Feldspars, micas, quartz 
Secondary components: Other silicates 

Colour: Grey, brown 

Texture: Fine-grained, often interspersed with 
large fragments 

Structure: Well-bedded or unstratified 

Density: 2.7-3.0 


Y Layered andesitic tuff 
(Costa Rica). 
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CHARACTERISTICS 


Tuff is composed mainly of fragments of solidified TO 
lava and pre-existent rocks such as andesite and 
rhyolite which have been reduced to powder 
(pulverised) during volcanic eruptions. Among its 
essential mineralogical components are micas (a 
group of complex aluminosilicates), feldspars 
(silicates of potassium and aluminium, or of 
sodium, calcium and aluminium) and quartz (silicon 
dioxide); there may also be significant quantities of 
volcanic glass. 

The most important accessory mineral in tuff is 
hornblende (a complex silicate). 


GROUNDWORK 


On the mineral 
trail: Malaysia 


federation of 13 
states in southeast 
Asia. It occupies a 
total area of 332,633 
sq. km, partly on 
the mainland and 
partly on the 

island of Borneo. 


Peninsular Malaysia 

occupies all the 

Lower Malay 

Peninsula south rx MM, 

of Thailand. : DOE 


Part of Indonesia: 
{ Í 


The Malaysian 

states of Sarawak con 
and Sabah lie along 

the northern coast of Borneo. 
Malaysia is bordered by Thailand 
on the Asian mainland and by 
Indonesia on Borneo. 


alaysia is rich in mineral resources. 
The most important of these is tin 
ore, but there are also abundant 


supplies of bauxite, copper ore and iron ore. 

In addition, the country contains smaller but 
significant supplies of antimony ore, gold, 
ilmenite, manganese ore and cinnabar. Other 
natural resources are natural gas and petroleum. 


> Part of the Main Range on Peninsular Malaysia. 


Malaysia - 


On the mineral trail: 


A An oil refinery near | 
the Malaysian capital E 
Kuala Lumpur. : 


The lie of the land 
Peninsular Malaysia is 
largely mountainous 
and the landscape is 
dominated by the Main 
Range, a 500km chain 
which rises to heights of 
more than 2000m. The 
highest peak on the 
mainland is Mount 
Tahan (2187m). The 
countryside contains 
much karst scenery — 
distinctive bare limestone 
hills with caves and 
subterranean passages. 
The states of Sarawak 
and Sabah on the island 
of Borneo are coastal plains ranging from 30km 
wide in the east to 60km wide in the west. Much of 
their land area is covered with dense, tropical forest. 
Away from the coast, the land rises gradually to 
mountainous central regions containing Mount 
Murud (2423m) on Sarawak and Mount Kinabalu on 
Sabah which, at 4101m, is the highest point in the 
whole country. 


Mineral resources 

In the 1980s Malaysia was the world’s third largest 
producer of tin — producing 29,000 tonnes of the 
metal each year, representing four per cent of the 


A Terraced fields in Peninsular Malaysia. 


country’s gross national product. However, due to a 
decline in tin prices and the depletion of high-grade 
ore reserves, production had dropped to 3,000 tonnes 
by 2005. 

Ores of copper and iron are mined in western 
Sabah, while most of Malaysias bauxite comes from 
Johor Bahru. 

The country is rich in hydrocarbon fuels. In 2001 
its reserves of natural gas were estimated to be 2.12 
trillion cubic metres, while reserves of petroleum were 
estimated at three billion barrels. 


DISCOVERY. 


Bedding 


Bedding and stratification are the terms used by geologists to describe the layers 
(strata) in which most sedimentary rock deposits are formed. 
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of the Earth, particularly in areas from 
which surrounding rocks have been removed 
by erosion. 


B edding planes may be visible on the surface 


Time gap 
Bedding planes provide important information about 
the conditions in which they were originally formed. 
This is because they represent a break, gap or pause in 
the influx of new, unconsolidated sediment into the 
depositional environment. They are thus a snapshot 
of a particular moment in geological history, frozen in 
time and space. 

If the process of sedimentation is continuous, then 
no bedding planes are formed: rocks in which this has 
happened are said to be massive. 


4 These bedding layers may have formed along the 
horizontal plane but have since been tilted (Scotland). 


v The edges of bedding planes in the sandstone of this 
Scottish cliff are easy to see. Weathering has taken 
advantage of these bedding planes and large slabs 
have been removed parallel to them. 


A These mudstones and shales have 
been tilted by tectonic forces. 


Ripple marks 

Bedding planes may have on their 
surfaces important clues as to the 
conditions at the time they were 
formed. Ripple marks, just like those 
on a modern sandy or muddy shore, 
can often be found, indicating the 
movement of water over the bedding 
surface at the time of deposition. 
Sometimes a bedding plane has an 
infilled pattern of cracks similar to 
those found when mud dries out in 
warm weather. These show that the 
bedding plane was on the Earth's 
surface and not under water. 


Dip and strike 

In theory, most bedding planes are 
thought to have formed more or less 
along a horizontal plane. When rocks 


are folded, the angle that the beds 


DISCOVERYA 


A Fine-grained bedded sandstones. These strata contrast sharply with 
the layers directly above them, which are massive deposits of unbedded 
limestone (Filey, Yorkshire, England). 


then make away from the horizontal plane is known Cross bedding 

as the dip, while the compass bearing at right angles Cross bedding is a series of bedding planes that slope 
to the dip direction is known as the strike. Thus, for when deposited, with other such beds cutting across 
example, if a dip direction is east to west, the strike them. They are formed in a flowing current, of either 


will be north to south. 


water or air. 


DISCOVERY. 15/ © 


e How minerals break 


As we have seen throughout Treasures of the Earth, minerals may break 
under pressure, revealing cleavage and fracture. Some minerals display both these 
properties; others, however, show only fracture and do not cleave at all. 


Ithough testing for cleavage and fracture 
may help scientists to recognise 


unidentified mineral specimens, these 
methods are not conclusive on their own. 
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Useful clue 

Yet, in some cases, cleavage (or the absence of 
cleavage) may give strong clues that help to 
differentiate between two superficially identical 


A Amber breaks up to reveal a curved fracture 
with a shell-like (conchoidal) surface pattern. 


< A specimen of tourmaline. Tourmaline 
has indistinct cleavage and uneven or 
conchoidal fracture. 


minerals. For example, a fairly hard white 
mineral may be either feldspar or quartz. 
However, feldspar displays a distinct cleavage 
while quartz does not have any cleavage at 
all: this is therefore one of the easiest and 
most effective ways of telling the difference 
between these two minerals. 


Cleavage 

When subjected to pressure, some minerals 
may break up along their weakest structural 
planes. 

The nature of this cleavage depends on 
the way in which the mineral's component 
atoms are arranged. The arrangement of 
rock salt (halite) atoms, for example, causes 
the mineral to conform to the cubic system: 
this creates cube-shaped crystals and 
consequently a cubic cleavage. 

Cleavage is described using various 
terms. Many, such as cubic, octahedral, 
rhombohedral and prismatic, are the same as 


Key distinction 

Fracture is definite but never precisely repeated: 

each individual break will be, in some sense, 2 
unique. Cleavage is consistent throughout all 

specimens of a particular mineral because it is 

determined by the mineral’s unalterable internal 

atomic structure. 


How minerals break 


A A specimen of fluorite. Fluorite displays both distinct 
cleavage and shell-like (conchoidal) fracture. 


> A specimen of hematite (iron oxide), which has an 
uneven to subconchoidal fracture. 


those used to describe crystal habits. Words such 
as perfect, indistinct and poor give an 

indication as to how definite the 

cleavage of a mineral is. 


Fracture 

Many minerals may 
break (fracture) in no 
particular pattern. Some 
— such as quartz — have 
an uneven fracture 
which produces 
irregular shapes. 

By contrast, other 
minerals display 
conchoidal fracture. 

This is the curved break 
commonly seen in 

broken glass and often 

has shell-like patterns on 

the surface. Some minerals, 
such as fluorite, display both 
distinct cleavage and 
conchoidal fracture. 


> Citrine quartz displaying excellent 
conchoidal fracture. Quartz is a mineral which 
shows a clearly defined fracture but no cleavage. 
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- MINERALS 


Cordierite is found in 
metamorphic and 

igneous rocks. 

A transparent variety is used 

for jewellery and carvings. 
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ordierite is usually blue, 

and may be found in many 

shades of that colour, but 
it can also be grey, greenish, 
yellowish or brown. A transparent 
variety of cordierite has sometimes 
been known as iolite, water sapphire or dichroite. 

The word iolite comes from the Greek meaning 

‘violet stone’, and this is a reference to one of several 
shades of colour that this variety can display. The 
name ‘water sapphire’ alludes to its similarity to that 
precious gemstone. 


A Prismatic crystals of grey cordierite on a rock 
composed of mica and quartz. 


Pleochroism 

Although not as commercially valuable as sapphire, 
cordierite is sometimes used for decorative jewellery. 
One of its features is its pleochroism (see Discovery 
59). Cordierite shows two colours — the scientific 
term for this is dichroism, from which a transparent 
variety gets its alternative name ‘dichroite’. It appears 
blue when viewed from one direction, and colourless 
when it is looked at from another. This effect is 
strong and can easily be seen without the use of 
dichroscopes or similar 


ZEA 


uN 


a Fe 


on 
= 


instruments. FACT FILE A 
The dichroism is 2 | 
caused by the presence CORDIERITE 1 


within the cordierite 
of various crystalline 
inclusions. These 
consist of minute 
traces of other 
minerals, including 
hematite. 

Cordierite is 
named after Pierre 
L.A. Cordier 
(1777-1861), the 
French geologist. 


Group: Silicates 


Crystal system: Orthorhombic 
Chemical formula: (Mg,Fe);ALSi;0;s 


Hardness: 7-7% 


Density: 2.53-2.78 


Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Blue, grey, greenish, yellowish, brown 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


> A crystal of cordierite from Finland, where the mineral 


is known to have been mined since early times. 
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Used as a gemstone 

Cordierite is sometimes used as a gemstone, not only 
because of its colour and transparency, but also because 
it has a vitreous lustre and reflects the light like glass. 
Its hardness is measured at 7 to 74 on the Mohs Scale, 
which makes it one of the harder minerals. This 
hardness is a valuable feature when considering its use 
as a gemstone, as it prevents the mineral from much 
damage. Its hardness also allows it to resist erosion and 
rounded specimens are often found in river-deposited 
sands and gravels. 


The cut 

Gem varieties of cordierite are most often cut in 
stepped rectangles or cabochons, and occasionally in a 
mixture of styles. In all cases, the object is to bring out 
the blue colour to its best advantage. Highly skilled 
craftsmen cut the crown of a piece of cordierite at an 
angle of between 40° and 50° and the pavilion at 43° 
(for an explanation of these terms see Discovery 9-12.) 
Cordierite is sometimes used to make a variety of 
beads and carvings. 
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Tests and treatment 

Cordierite will melt (fuse) at its edges when it is heated 
in a flame. Any surface impurities that a specimen may 
have can be removed without difficulty by wiping it 
with dilute acid. 


History 
Cordierite has been known and used by humans since 
the very earliest times. It was a 
component of sacred sculptures 
and amulets made in North 
America long before the 
arrival of Christopher 
Columbus in 1492. 
There is also clear 
evidence that cordierite 
was used in Europe in 
the Dark Ages — the 
Vikings mined cordierite in 
Finland and Norway, and some 
of their sites are still productive today. 


Cordierite occurs mainly in aluminium-rich rocks, 
gneisses and schists that have been altered by 
extreme heat. It is also found in pegmatites 

and granites. 

In some locations, cordierite may be found in 
alluvial deposits where it takes the form of small, 
transparent pebbles that have been worn down by 
the action of water over a long period. 

Cordierite is widespread. The best crystals come 
from Finland, Germany, Norway, and Guilford, 
Connecticut, USA. Alluvial cordierite is found in 
Burma, India, Madagascar and Sri Lanka. Other 
localities where cordierite is found include 
Antarctica, Australia, Brazil; England, Greenland, 
Japan and Scotland. 


CHARACTERISTICS 


Cordierite is a member of the silicate group of 
minerals. It is a silicate of magnesium, iron and 
aluminium. 

Cordierite occurs as short prismatic crystals that 
are classified in the orthorhombic system, and may 
also occur in massive (of no particular shape) and 
granular habits. With a hardness of 7 to 7%, cordierite 
cannot be scratched with a specimen of quartz but 
only with something harder such as corundum. 

With a density of 2.53 to 2.78, cordierite is about 
average compared with other common rocks and 
minerals in the Earth's crust. The density varies 
depending on the exact amount of iron in the mineral. 


< A cordierite gemstone that has been cut in 
a rectangular shape with bevelled corners. 


>Y Cordierite from the Grosseto region of Italy. 
Y Eight smooth cordierite specimens showing pleochroism. 


The colour each displays is determined by the position of the 
crystal in relation to the viewer. 


| MINERALS 


Antigorite belongs to the serpentine 
group of minerals. It is characterised 


by its flaky crystals. 


ntigorite is usually green but may 
A» be brown, yellow, white or 
bluish. It is named after the 
Antigorio Valley in Piedmont (Italy) — 
this is the classic source (type locality) of this 


mineral, and it is against specimens from here 
that new discoveries are tested for authenticity. 


Serpentine group 
Antigorite is a member of the serpentine group of 
minerals. Serpentines are silicates which are mainly 
fibrous, flaky or sheet-like (lamellar). Other well- 
known examples of serpentines include chrysotile 
and lizardite. 

Some antigorite, with a consistent green colour all 
through, is sold as decorative slabs or ornamental 


A Green antigorite on serpentine breccia (Cornwall, 
England). The other main mineral component of this 
specimen is chrysotile, a hydrous silicate of magnesium. 


4 Antigorite 
from Tasmania 
(Australia). 
Note the typical 
green colouring. 


A Serpentinite rocks at Kynance Cove, Cornwall 
(England), which contain abundant antigorite. 


FACT FILE 
ANTIGORITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: (Mg,Fe);Si;0.(0H), 
Hardness: 2/—3/ 

Density: 2.61 

Cleavage: Perfect 

Fracture: Conchoidal or splintery 

Colour: Green, brown, yellow, white, bluish 
Streak: White 

Lustre: Resinous, pearly, greasy or earthy 
Fluorescence: None 


Widespread mineral 


pebbles. It may sometimes be used as a cheap simulant 
of the more precious jade: this variety is known as 
bowenite. 

Antigorite usually occurs in non-crystalline forms, 
but any crystals are flaky and thin. Chrysotile, on the 
other hand, forms as fibrous aggregates, the fibres 
| being a variety of asbestos. 


known as serpentinites. It isa secondary mineral 
created by the addition of hydrogen, oxygen and 
sometimes iron to pre-existent (primary) minerals 
such as olivine (magnesium iron silicate) and 
enstatite (magnesium silicate). 

Antigorite is found in the following locations 
worldwide: Tasmania (Australia); 
Austria; Minas Gerais (Brazil); 
Canada; China; Kynance Cove 
and other parts of Cornwall 

(England); Finland; 
Germany; Domodossola, 
Piedmont (Italy); the 

Griffin Range, Westland 

(New Zealand); Norway; 
Poland; Russia; South Africa; 

Switzerland; and Venezuela. 
In the USA, antigorite is 

found in Arizona, California, 
Colorado, Massachusetts, New 

Jersey, Pennsylvania, South Dakota, 

Utah and Wyoming. 


ts and treatment 

Antigorite melts (fuses) on the edges in an open 
fame only with difficulty. It may be cleaned with 
dilute acids. 


A Green antigorite in 
association with pinkish crystals of stichtite. 


> This specimen of antigorite reveals a range of 
colour variation from pale green, through yellowish 
green to dark green. 


mec is a member of the silicate ¢ group a | 
minerals. Each molecule is composed of three atoms 
of magnesium, three atoms of iron, two atoms of 
silicon, five atoms Of oxygen and four hydroxyl 
radicals (chemical formula OH). 

Crystals of antigorite are flaky and conform to 
the monoclinic system of symmetry in which no 
crystallographic axis is the same length as any other. 
Specimens of antigorite are usually massive in habit 
| (of no particular shape). 
| Antigorite is a very soft mineral, scoring only 24-37 
on the Mohs Scale of hardness, and may be scratched 
easily with the blade of a knife. 
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Lepidocrocite is closely related 
to goethite and both 

minerals are important 
I ores of iron. 


epidocrocite is deep red to 
; reddish brown in colour. 
A_/ Its name is derived from 
the Greek words /epis, meaning 
‘scale’, and krokis, meaning 
‘fibre’, and refers to the 
texture of the mineral. 
Lepidocrocite is very 
similar to goethite — the 
two minerals share the 
same chemical formula 
and conform to the same 
crystal system. 
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Group: Hydroxides 


Crystal system: Orthorhombic | 
Chemical formula: FeO(OH) 
Hardness: 5 

Density: 3.8-4 | 
Cleavage: Perfect | 


A Lepidocrocite 
and goethite 
(Siegen, Germany). 


4 Lepidocrocite 
on goethite. 


Fracture: Uneven 


Colour: Deep red to reddish brown 
Streak: Orange 


Lustre: Submetallic 


Fluorescence: None 


Mistaken identity | 
In the early years of the 20th century, the French | 
geologist A. Lacroix published an academic paper in 
which he described one of these minerals when he 
meant to refer to the other. As a result of his mistake, 
the two minerals became confused — what we now 
know as lepidocrocite is what 19th-century 
mineralogists categorised as goethite, and vice versa. 
Lepidocrocite and goethite absorb light passing 
through them in significantly different ways. In 
scientific terms, they are said to have different optical 
properties: this is one of the main reasons why they 
may legitimately be classified as distinct minerals. 


industrial uses 

Lepidocrocite generally occurs in association with 
other iron-bearing minerals — goethite, hematite, 
ilmenite, limonite, magnetite, pyrite and siderite. 
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Abundant deposits of these minerals are mined on an 
industrial basis as iron ore, which is then smelted in 
blast furnaces. The resulting pig iron is purified and 
processed to produce cast iron, wrought iron and 
many different types of steel. 


Tests 
Lepidocrocite becomes magnetic when heated. It 
dissolves slowly in hydrochloric acid and quickly in 
nitric acid. However, goethite behaves in much the 
same way. 

Lepidocrocite is infusible and will not melt when 
placed in an open flame. 


4 A pinkish coating of lepidocrocite on goethite 
(Cornwall, England). 


Y Goethite and limonite, two of the minerals commonly 


associated with lepidocrocite. 


> Small crystals of lepidocrocite with various iron 
minerals (Cornwall, England). 


ORIGINS and DISTRIBUTION &€ 
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epidocrocite is a secondary mineral which is formed 
through the alteration of pre-existent (primary) iron 
minerals such as pyrite (iron sulphide). It occurs 
mainly in laterites, residual deposits of hydrated iron 
oxides which form in regions that are - or were once 
- tropical. 

The main industrial sources of lepidocrocite are 
found in the following locations: Bihar (India); Japan; 
Russia; along the shores of Lake Superior and at 
Easton, Pennsylvania (USA). Beautiful crystals of the 
mineral are found in Eiserfeld, Herdorf and Rossbach 
(Germany). In the British Isles, specimens of 
lepidocrocite have been found at Lanlivery and 
Lostwithiel and at the Perrian and Botallack mines 
near St Just (Cornwall). 


CTERISTICS 


Lepidocrocite is classified as a hydroxide beca 

each molecule contains one hydroxyl radical (chemical 
formula OH). Its other chemical components are one 
atom of iron and one atom of oxygen. 

Crystals of lepidocrocite conform to the 
orthorhombic system of symmetry in which the three 
crystallographic axes are unequal in length but are all 
at right angles to each other. Specimens are often 
flattened and plate-like; massive and fibrous 
aggregates are also common. 

Lepidocrocite has a hardness of 5 on the Mohs 
Scale and so can be readily marked with a steel 
knife blade. Its density of 3.8 to 4.0 is slightly higher 
than average. 

If a specimen of lepidocrocite is rubbed along a 
piece of white, unglazed porcelain, it will reveal an 
orange streak. 


murum 


Willemite is a silicate 
Pad mineral and a minor ore 
of zinc. It occurs as 

crystals only rarely. 


illemite may be brown, 
green, grey, reddish, white, 
yellow or colourless. It is 


named after Willem I, king of the 
Netherlands (1772-1834). 

Even though the colours 
of willemite are so variable, it 
is usually quite easy to recognise 
because it has a wide range of other 
distinctive features. 


Unusual properties 
Specimens of willemite may give off a bright green 
light when placed under an ultraviolet lamp — i 
scientific terms, this effect is known as fluorescence. 
In addition, they will continue to emit their own light 
even after the ultraviolet lamp has been turned off: this 
is known as phosphorescence. 

Willemite sometimes occurs as prismatic crystals 
with rhombohedral ends. It may also be massive (of no 


> A Green willemite in association with black 

franklinite from Franklin, New Jersey (USA). Franklinite 
is sometimes located by its association with the brightly 
coloured willemite. 


A Willemite from Sterling Hill, New Jersey (USA). 


particular shape), fibrous and granular. With a 
hardness of 54 on the Mohs Scale it can be marked 
with a specimen of quartz but not a steel knife blade. 
Its density is higher than average at 3.89 to 4.19. 


Uses of zinc 
After sphalerite and smithsonite, willemite is one of 
the less important industrial ores of zinc. Zinc has a 
wide range of uses, notably in galvanising and as a 

component of alloys such as brass and bronze. 


‘The most extensive deposits of willemite are found 

in altered limestone and marble, where the mineral 
is formed from the alteration by heat and pressure 
(metamorphism) of pre-existent zinc-bearing 
materials such as hemimorphite and smithsonite. 
Willemite is also found in the oxidised zones of zinc 
deposits, in association with the closely related zinc 
oxides franklinite and zincite. 

One of the world's most important sources of 
willemite is at Franklin Furnace, New Jersey (USA); 
another is at Sterling Hill in the same state. Elsewhere 
in the USA, willemite is found in Pinal County 
(Arizona), the Cerro Gordo and Ygnacio mines 
(California) and the Talisman Mine (Utah). 

Other important deposits have been found in 
Algeria; Altenberg, Moresnet and Vieille Montagne - 
elgium); the Congo; Greece; Greenland; Iran; 
Tsumeb (Namibia); Russia; South Africa; pweden 
and Zambia. S é 
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Tests and 
treatment 
Even without the aid 
of an ultraviolet lamp, 
there are several simple 
tests which will help to 
identify willemite. It will 
not melt (is infusible) in 
an open flame, and it 
dissolves when placed in 
hydrochloric acid. 
Willemite should be 
cleaned with distilled 
water only: ordinary tap 
water contains impurities 
which may damage the 
mineral. 


> A typical specimen of 
green willemite. 


A Pinkish crystals of willemite on white calcite. 


FACT FILE 
WILLEMITE 


Group: Silicates 


Crystal system: Trigonal 
Chemical formula: Zn,Si0, 
Hardness: 5% 

Density: 3.89—4.19 
Cleavage: Poor 


Fracture: Uneven to conchoidal 

Colour: Brown, green, grey, reddish, white, 
yellow, colourless 

Streak: Colourless 

Lustre: Vitreous to resinous 


Fluorescence: Bright yellowish green 


> An outcrop of marble 
of the type in which 
willemite typically occurs 
(northern Scotland). 


CHARACTERISTICS 


Willemite is a member of the silicate group of 
minerals. Each molecule is composed of two atoms of 
zinc, one atom of silicon and four atoms of oxygen. 

Crystals of willemite conform to the trigonal 
system of symmetry. They may occur in distinct, 
prismatic shapes but more often the mineral takes 
the form of massive aggregates of innumerable tiny 
individual grains. 

Willemite may be transparent or translucent; 
its sheen (lustre) can be glassy (vitreous) or greasy 
(resinous). It weighs approximately four times more 
than the equivalent volume of water at normal 
room temperature. 


Iraq is an oil-rich 
Arab republic in the 
Middle East at the 
northern tip of the 
Persian Gulf where 
the Tigris and 
Euphrates rivers 
merge into the 
Shatt al' Arab River. 
The country 
occupies a total 
land area of 
434,924 sq. km. 


iA 


It is bordered 
the north by Turkey, 
in the east by Iran, 
in the southeast by 
Kuwait, in the south 
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by Saudi Arabia, and in the west 


by Jordan and Syria. 


he topography of Iraq is highly 
varied. The Upper Tigris Plain is an 
undulating series of gently rolling hills 


and valleys stretching from Hit on the 
Euphrates to Samarra on the Tigris. 


Zagros mountains 


To the east of the Tigris lie the foothills of the 
Zagros Mountains, a folded range composed 
largely of limestone. These mountains reach 
heights of over 3000m and the highest point 


in the country is Jabal Ibrahim (3600m). A The belching chimneys of a brickworks near Basra. 
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A The marshlands of 
Mesopotamia, a delta 
plain in southeastern Iraq. 


In the west of Iraq, 
near the border with 
Syria, lies the Jabal Sinjar, 
a long narrow range of 
hills reaching heights 
of 900m. 

Downstream from Hit 
and Samarra lies the delta 
plain of Mesopotamia, a 
flat and marshy region 
measuring about 480km 
by 160km. 

By contrast, the 
southern and western 
areas of the country are 
rocky deserts. The frontier 
with Kuwait is formed by 
the Wadi al-Batin, an A Part of the Zagros Mountains of northeastern Iraq, which are the source of much of 
impressive rift structure the country's abundant oil and natural gas. 
about 5km wide. 

Mountains. The principal oil refineries are around 

Natural resources the capital, Baghdad. 
Since the series of wars Iraq has been involved in, 
culminating in the 2003 war, production of all Sulphur and phosphate 
natural resources has suffered. However, Iraqs most Iraq contains over 500 million tonnes of sulphur rock, 
valuable natural resources are undoubtedly oil and an important source of sulphur. The most extensive 
natural gas. In 2009 its reserves of oil were 115,000 deposits are around Mosul. 
million barrels, the world’s third largest proven Phosphate rock is mined north of Baghdad and 
reserves. Natural gas reserves are estimated at 1.3 sent to factories near Basra, where it is processed into 
billion cubic metres. The two resources are found in fertilisers. A small amount of brown coal (lignite) is 
many parts of the country, particularly in the Zagros mined at Kifri. 


Bone beds 


A bone bed is a thin sedimentary layer that contains fossilised bones, 
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scales and teeth, which are very often fragmented. 
Bone beds are also rich in fossilised fish excrement containing abundant phosphate 
minerals - these are used in industry to manufacture chemical fertilisers. 


ost bone beds are made up of fine-grained 
M limestones or sandstones in which fossils 

are held together by a cement of calcite 
(calcium carbonate). Some of these fossils are complete 
and readily identifiable — this is particularly true of fish 


teeth, which are very hard and capable of withstanding 
geological activity for long periods. 


Notable examples 

Some of the world's finest bone beds may be seen 
along the coast of Florida (USA) and in a belt around 
Ludlow on the border between England and Wales. 

In southwest England, especially on the estuary of 
the River Severn, a bone bed of Rhaetic age is exposed. 
It is clearly seen at Aust cliff where the bone bed 
consists of a fine-grained calcareous sandstone packed 
with fish teeth and bone fragments, some of which are 
much eroded. 

The Ludlow bone bed contains a rich array of 
scales, spines and fragmental vertebrate remains set in 
a very thin matrix (groundmass) of sand. It is thought 
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A A specimen from the Ludlow bone bed (England), 

a thin sedimentary layer which contains a wealth of 
fossilised crustaceans and fish almost unknown in the 
underlying rock strata. 


Y A bone bed specimen containing a well-preserved 
and clearly visible fish spine. 
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to have been formed after the sea withdrew from the 
area and then returned later; during the final period of 
resubmergence, eroded bone bed material was spread 
and then lightly compacted across a wide area. 


Origins 
Bone beds are produced by highly unusual geological 


conditions — they form where the persistent action of 


< Bone beds provide 
information about 
prehistoric life forms. 

This fish tooth has been 
perfectly preserved since 
the Triassic Period, almost 
200 million years ago. 


v4 This fragment taken 
from a bone bed contains 
clearly visible fossils of 
bone, spines and teeth. 


Y A tooth of the Triassic 
lung fish Ceradotus 
(southern England). 


water currents has prevented the normal build-up 
of sediment. 

Although the presence of large amounts of 
fossilised material may be simply an accumulation 
over a long period, a number of scientists believe these 
fossils may be the result of a mass extinction caused 
by sudden climatic changes or by violent events such 
as earthquakes. 


DISCOVERY 


Erosion 


Erosion is the means by which the Earth's surface is removed by the 
action of moving forces such as glaciers, rivers and seas. 
As such, erosion contrasts with weathering, which affects rocks in situ 
and involves no movement. 


rosion is caused by rocks and smaller particles 
E which have been dislodged from their original 

locations by the action of ice, gravity, water or 
wind. As these fragments move across the surface of 
the Earth, they wear away at surface soils and rock 


masses which are still in place and thus contribute to 
a process known in geological terms as denudation. 


Transportation agents 

These rocks and particles are carried or propelled 
across the surface of the Earth by the forces which 
dislodged them in the first place — ice, gravity, water 
and wind. On their own, none of these forces is 
powerful enough to make more than the smallest 
alterations to the surface of the Earth; however, 
when they contain particles of rock, their capacity to 
wear away the ground over which they pass is greatly 
increased and may create spectacular surface features. 


Typical effects 

These features are widely variable: potholes and 
waterfalls, for example, are caused by the action of 
rivers (fluvial erosion); arches, caves and stacks are 
eaten away by the constant pounding of the sea 


A Waterfalls like this 
form when rivers erode 
soft rocks much more 
quickly than harder rocks. 
This creates sudden 
alterations in levels 
(Yorkshire, England). 


4 In many parts of the 
world - especially in Arctic 
regions - the landscape 
has been shaped by 
forces of glacial erosion 
(Greenland). 
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against the coastline (marine erosion); cirques (see 
Discovery 133) are products of glacial erosion; rock 
pedestals are typically caused by the wind. 


Cycle of erosion 
Erosion is a cyclical process which begins when small 
particles are dislodged from the Earth's outermost layer 


and start to move in or on the agents of transportation. 


As the agents proceed, the material they now contain 
rubs against other parts of the Earth, causing erosion. 
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A This magnificent arch 
has been formed by 
marine erosion as the sea 
has eaten its way through 
a narrow headland. 
Eventually, the centre 

of the arch will itself be 
worn away and collapse, 
leaving a stack (Wales). 


4 The side of this river 
has collapsed because 
water has eroded the 
softer rock at the base 

of the bank, causing the 
upper part to cave in. 
Material dislodged from 
this site will be carried 
downstream, where it will 
assist erosion elsewhere. 


In a typical cycle of erosion a mountainous region 
is gradually reduced to a plain by both running and 
frozen water, and by the wind if vegetation is lacking. 
Material eroded from the mountain region will 
ultimately be transported to the sea. The cycle 
will begin again when new mountains are formed, 
probably by plate tectonic events. These mountains 
may well be composed of sedimentary rocks formed 
from sediment deposited on the sea bed as a result of 
previous erosion. 
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Granite is a very widespread 
igneous rock in the Earth's 
continental crust. It is formed 
deep underground and only occurs on 
the surface after much erosion of 
overlying rock. 


ranite is an intrusive igneous rock. It 
originally forms in large masses called 
plutons or batholiths. These can be 
many tens of kilometres across and are created at 
a depth of at least five kilometres. The word granite 
comes from the Latin word granum referring to the 
coarse grains of the rock's texture. 


Composition and minerals 

Granite is classified as an acid igneous rock. This 
means that its total silica content is over 65 per cent. 
Quartz makes up over 10 per cent of the rock and 
usually occurs as grey, vitreous crystals. Feldspar is the 
dominant mineral, both orthoclase and plagioclase 
feldspars being common in granite. Orthoclase is the 


A This close-up of granite 
from South Africa clearly 
shows the minerals in the 
rock. Quartz, which makes 
up well over 10 per cent of 
the rock is the grey, greasy- 
looking mineral. Biotite 
mica is black and in small 
plates, and much of the 
orthoclase feldspar is pink 
coloured. 
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A This specimen of granite from Cornwall shows the 
typical minerals that make up the rock. There is much 
white feldspar, grey quartz and black biotite mica. 


more abundant of the two and may be white or pink 
in colour. Both feldspars occur as well-formed, lath- 
shaped crystals. The other typical mineral in granite is 
mica. Dark, often black, biotite and pale muscovite 
mica are both very common, and appear as small, 


glittering flakes. 


v On the western end of the Isle of Mull, Scotland, is an 
exposure of granite. Here, on the shore, its joint system 
has been exploited by marine erosion. This granite was 
extensively quarried in the past. 
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FACT FILE 
GRANITE 


Type: Intrusive magmatic rock 
Chemical composition: 
Silicon, potassium, aluminium, 
sodium 


Essential components: Orthoclase 
and plagioclase feldspar, mica, 
quartz 

Colour: White, light grey, pink 
Texture: Crystalline 

Structure: Granular 

Grain size: Coarse 

Density: 2.6-2.8 


Texture 

Because granite forms by the crystallisation of very 
large masses of magma which cool very slowly, it has a 
coarse-grained texture with large crystals. The crystals 
of quartz, feldspar and mica are all well over 5mm in 
size and can be easily seen without the need for a hand 
lens. These crystals are all welded together and the 
rock is often said to be equigranular, meaning that 

the different crystals are much the same size. 

Many granites have a porphyritic texture. This is 
one with certain crystals being bigger than the others. 
These crystals, called phenocrysts, are often feldspar 
and stand out, giving the rock an attractive 
appearance. It is thought that as the rock cooled the 
phenocrysts were able to grow bigger than the rest of 
the crystals in the rock because the temperature at 
which they formed was kept steady for some time. 
Then the magma cooled more rapidly and smaller 
crystals formed around them. 


CHARACTERISTICS 


Granite is composed of three essential minerals. 
These are quartz, mica and feldspar. Both orthoclase 
and plagioclase are present, orthoclase being the 
dominant feldspar. The rock is usually pale coloured 
and may have an overall grey or pink colour, 
depending on the colours of the feldspars in the rock. 
The coarse grain size and the mineral colours make 
granite an attractive rock. 

A variety of accessory minerals occur in granite, but 
only a few may be found in any individual example 
(accessory minerals are those which do not have any 
bearing on the total chemistry of the rock for 
classification purposes.) Iron pyrite is a common 
accessory mineral and is easy to identify because of its 
brassy yellow metallic appearance. Tourmaline, which 
is often black and in prismatic crystals, and beryl, with 
prismatic crystals of various colours, are two other 
common accessory minerals. Sometimes soft, silvery- 
grey molybdenite occurs along fractures in granite. 
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A The Red Hills on the Isle of Skye, Scotland, which are 
composed of pink granite. The pink colour is due to the 
orthoclase feldspar in the granite. 


Granite is an igneous rock which originates at great 
depths through the solidification of magma and is 
subsequently exposed at the surface by the erosion 
of less resistant, overlying rocks. It is found in large 
intrusions which may cover hundreds of thousands 
of square kilometres and are known as batholiths. 
Granite commonly contains xenoliths (inclusions) 
and may also feature cavities (druses) filled with 
highly developed crystals of late-stage mineralisation. 
Granites proliferate in the British Isles, most 
notably in Cornwall and Devon (England) and in parts 
of Scotland. Other important granites may be seen 
throughout the West Coast Mountain Range of North 
America, which extends through Alaska (USA), British 
Columbia (Canada) and California (USA). Granites also 
occur in Aiguilles-Rouges, Mont Blanc and the 
Pyrenees (France); Aar-Gothard (Switzerland) and 
in many other parts of the world. 


Uses of granite 

Though granite is often regarded as the epitome of a 
‘hard’ rock, it is altered by chemical weathering and the 
feldspars it contains are turned to clay. Nevertheless, 
granite has been used for thousands of years as a 
building stone. 

As it may have no distinct structure (like, for 
example, the bedding in a sedimentary rock), it can be 
worked in any direction and cut into blocks. 

One of the main modern uses of granite is as 
chippings in road making and railway ballast. It is also 
much used in polished slabs for the facings of buildings. 
The word ‘granite’ is frequently used wrongly in 
commercial situations. Many quarried stones are often 
incorrectly called ‘granite’, as are many of the polished 
stone work surfaces used in kitchens. 


Boulangerite is a widespread 
mineral that is a minor ore 
of lead. 


oulangerite is lead-grey or bluish grey in 

colour. It was identified as a distinct mineral 

in 1837 and named after the French mining 
engineer C.L. Boulanger (1810-1849). 

Boulangerite contains lead and so has a high 
density of 6.2 times that of an equal volume of water. 
A specimen of boulangerite feels noticeably heavy; its 
density is only slightly lower than that of galena, the 
main ore of lead. 

Although boulangerite and galena are similar 
colour and have a similar hardness (about 2% on the 
Mohs Scale), they can be readily distinguished from 
each other. Whereas galena frequently forms cubic 
crystals, boulangerite’s prismatic crystals are rare. 
Boulangerite may also have a massive, plumose or 
fibrous habit. 


Extracting the metal 

Lead is extracted from boulangerite by roasting and 
then reducing the resulting oxide with carbon. This 
is similar to the process used to obtain lead from 
galena (lead sulphide), the main ore of this metal. 


> Needle-like (acicular) crystals of boulangerite in 
association with galena, sphalerite and stibnite 
(Stevens County, Washington, USA). 


v A mass of needle-like (acicular) crystals of 
boulangerite surrounded by pyrite (Zacatecas, Mexico). 


\CTERISTICS 


Boulangerite is a member of the sulphide 
group of minerals. Each molecule is composed of 
five atoms of lead, four atoms of antimony and 11 
atoms of sulphur. 

Crystals of boulangerite conform to the 
monoclinic system of symmetry in which no | 
crystallographic axis is the same length as any other. | 
They occur in long, prismatic shapes but are very rare. | 

Boulangerite is opaque with a metallic sheen 
(Iustre). As a mineral rich in lead, it is rather dense, 
weighing approximately six times more than the 
equivalent volume of water at room temperature. 

In powdered form the mineral is brownish grey 
or brown. This may be confirmed by rubbing a 
specimen along a piece of white, unglazed porcelain 
(the streak test). 
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Industrial mineral - 


Uses of lead 

Lead is a soft, dense metal which is easily hammered 
into sheets (is malleable) and drawn out into long, thin 
strands (is ductile). These properties, combined with 
the fact that it is a very poor conductor of electricity, 
make lead an important component of storage 
(accumulator) batteries. 

Lead also absorbs radiation and is thus used as a 
protective layer around nuclear reactors and X-ray 
equipment. Among numerous other applications, lead 
is used to make roofing materials and casings for 
electricity cables. 
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BOULANGERITE 


Group: Sulphides 


Crystal system: Monoclinic 
Chemical formula: Pb;Sb,S;, 
Hardness: 24-3 

Density: 6.2 

Cleavage: Good 


Fracture: Uneven 


Colour: Lead-grey, bluish grey 


Streak: Brownish, grey to brown 


Lustre: Metallic 


Fluorescence: None 


ORIGINS and DISTRIBUTION ¢ 


| Boulangerite is found mainly in veins which 
have been formed by the action of hot water 
(hydrothermal veins). It is commonly associated with 
the minerals galena; jamesonite, pyrite, sphalerite 
and stibnite, and sometimes with calcite, dolomite 
and quartz. 

The classic source (type locality) of boulangerite 
is at Moliéres, Gard (France); it is against specimens 
from here that new discoveries are tested for 
authenticity. Elsewhere, there are deposits of the 
mineral in the following locations: Australia; Bolivia; 
the Sullivan Mine, British Columbia (Canada); China; 
Pribram (the Czech Republic); Claustal (Germany); 
Tuscany (Italy); Zacatecas (Mexico); Peru; the Ural 
Mountains (Russia); Boliden (Sweden); Nevada and 

, Washington (USA). r 


A Needle-like (acicular) crystals of boulangerite. 


Similar mineral 

Boulangerite may have some similar properties to 
stibnite (antimony sulphide) but they are relatively 
easy to tell apart. Stibnite forms as striated prismatic 
crystals which are classified in the orthorhombic 
system, while boulangerite only rarely occurs as 
crystals. The colour and hardness of the two minerals 
are similar but the density of stibnite is lower at 4.6. 


Tests 

When heated in an open flame, boulangerite melts 
(fuses) easily. It does not react with cold, dilute acids, 
but it will dissolve in hot, concentrated acids. 


4 Boulangerite in association with pyrite (iron sulphide) 
from the mines at Zacatecas (Mexico). 


NERALS PL 


Coquin 


coquina is a form of 

limestone composed 

almost entirely of the 
fossilised remains of shells and 
certain other organisms. 


oquina may be various colours, but is 

predominantly brown, grey, yellow or 

white. Its name is derived from concha, 
the Latin for ‘shell’. 

Coquina contains a great abundance of shells and 
shell fragments which are clearly visible on its surface. 
Its components are poorly sorted, and the fragments 
are bound together by a limey (calcareous) mud. 


Fossil-bearing rock 

So many of the components of coquina are preserved 
intact that the rock is an excellent source of fossil 
material. Coquinas of the Jurassic Period found in 
England, for example, are often full of marine shellfish 
called ammonites. 


A This coquina from northern France has formed from 
the fossilised remains of marine creatures which lived 
during the Eocene Epoch, about 45 million years ago. 


Cement 

The whole rock is held together by a form of natural 
cement: this is commonly made of calcite (calcium 
carbonate) derived from partially decomposed shells, 


A Coquina made entirely of ammonite shells of the Lower Jurassic Period (southern England). Note the beautifully 


preserved whole shells within a mass of fragments. 


but may also consist of iron oxide minerals, such as 
y 
goethite and limonite, or of quartz (silicon dioxide). 


Detrital rock 

Coquina is formed from an accumulation of 
disintegrated material and is thus classified as a detrital 
rock. This debris has typically been transported from 
its original location and redeposited elsewhere. 


Coquenoidal limestones 

Strictly, the term coquina may be applied only to rocks 
formed in locations other than those in which the 
organisms lived. Similar-looking sedimentary rocks 
known as coquenoidal limestones form when corals 
and shellfish are cemented together by limey mud 
which has surrounded them 77 situ. In such rocks, the 
fossils are preserved in the positions occupied by the 
creatures while they were still alive. 
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COQUINA 


Type: Sedimentary rock 


Essential components: Calcite and shell fragments 


Secondary components: Clay, iron oxides, quartz 


Colour: Brown, grey, white, yellow 


Texture: Poorly sorted 


Grain size: Fine to coarse 
Density: 2.7 


A Despite having been extensively eroded by the action 
of sea water, this coquina still shows a mass of fossil 
shells cemented together in an iron-rich base (matrix). 


> Coquina is a form of limestone rock composed of 

poorly sorted fossil debris which has been consolidated 
and bound into a cohesive whole by a cement made of 
calcite. This specimen of coquina has many coiled turret 
shells from the Turritella species of snail embedded in it. 


_ ofajumbled mass of often quite large fragments. 
Their essential components are calcite (calcium 
carbonate) and fossils - both whole shells and 
broken fragments. 

Accessories include clay and quartz. The calcite is 
generally derived from the partial decomposition of 
the shells and other fossils. 

Some coquinas may contain other cementing 
materials such as goethite, limonite and occasionally 
siderite (iron carbonate). 

Fine-grained coquina with particles of 2mm or less 
in diameter is defined as microcoquina. 


-Coquina commonly forms in marine environments, 
usually in shallow waters where turbulent currents 
have carried the shelly material and deposited it on 

shell banks or reefs., 

Coquinas are fairly common sedimentary rocks 
throughout the world. Some of the most notable 
deposits are found in the Jurassic limestones of 
central and southern England, along the Gulf of 
Mexico (USA and Mexico) and around the coast o 
the Mediterranean Sea. ~ 
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anulite 


The minerals in the metamorphic 
rock granulite form a groundmass 


WESS of equal size grains, often 
containing larger crystals 
of pyroxene. 


he colour of 
granulite is variable 
and depends on the 
exact mineral components 
in the rock. 
Granulite commonly has a 
grey, brownish or pale coloured 
groundmass with larger, darker 
crystals (porphyroblasts) of pyroxene and 
other minerals. Its name is derived from the 
Latin granulum, meaning 'a small grain'. 


Grades of metamorphism 

Rocks that have formed under similar conditions 
of temperature and pressure often display the same 
characteristics. They contain the same minerals and 
have a similar texture (that is, the size, shape and 
orientation of the grains). 


FACT FILE 
GRANULITE 


Type: Regional metamorphic rock 

Essential components: Quartz, feldspar, garnet 
Secondary components: Corundum, magnetite, 
rutile, spinel, pyroxene 

Colour: Grey, brownish, white 

Texture: Equigranular (granoblastic) 


Grain size: Variable 
Density: 2.8-3.1 


> A specimen of granulite 
from Italy. The fine-grained 
grey groundmass is 
composed mainly of 
quartz (silicon dioxide); 
the larger crystals are dark 
minerals of the pyroxene 
group. Some granulites 
contain garnets. 


A The lighter areas of this granulite contain numerous 
flattened crystals of quartz; the darker areas are mainly 
pyroxenes (Switzerland). 


Metamorphic rocks which have been formed at 
medium temperatures and pressures, for example, are 
often characterised by amphibole minerals such as 
hornblende, and the resulting medium grade 


v A magnified cross section through 
a slice of granulite. The grey areas 
are plagioclase; the brightly 
coloured areas are pyroxenes. 


regionally metamorphosed rock is called amphibolite. 
This rock may have a well-developed schistosity (that 
is, it is composed of layers of different minerals). 

Granulite is formed at the highest temperatures 
and pressures, which may be as much as 900°C and 
12 kilobars (12,000 atmospheres). Such conditions 
probably exist very deep in the Earth's crust. Granulite 
is the characteristic high grade metamorphic rock. 


Rock features 

Granulite is a medium to coarse-grained rock with a 
tough, massive appearance. Only rarely do such rocks 
have a schistose texture. The grains are the same size 
and in a metamorphic rock such a texture is said to 
be granoblastic. 

The mineral content of granulite depends to some 
extent on the original rock which has undergone 
regional metamorphism, and at the temperature and 
pressures at which granulite forms all rocks can be 
altered. Generally, granulite is rich in quartz and 
feldspar, with pyroxene (usually hypersthene or 
diopside) being common. Other minerals include 
garnet, cyanite and biotite mica. In some granulites the 
quartz crystals are typically flattened. This is a feature 
of high grade regional metamorphism. 


Industrial uses 

Granulite is a widespread and relatively common 

rock, especially in the continental shield areas of the 
Earth. It is a hard, tough, resistant rock which is 
difficult to work. Nevertheless, with modern cutting 
equipment it can be quarried and cut, and it is used in 
the construction industry. The mosaic of grains within 
the rock makes an attractive polished surface for use in 


the facades of buildings. 


A Slabs of granulite, from quarries like this, are often 
used in the building indusry. 


The main minerals in granulite are quartz, feldspar 
and pyroxene. Garnet, cyanite and biotite mica are 
also often present, as are spinel, corundum and 
magnetite. 

The rock is characterised by its granoblastic 
. texture. Its constituent grains are much the same size 
and form, making a mosaic of medium to coarse 
mineral particles. There can be larger crystals 
(porphyroblasts) set into this groundmass. 

Granulite is grey, brownish or pale coloured and 
has a tough, massive appearance. In rare instances it 
has a schistose texture, with its minerals being 
aligned parallel to each other. 
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Gra nulite | often occupies large areas and is formed 

ough the alteration.of pre-existent rocks by 
extreme heat and pressure: in scientific terms, 
therefore, it is classified as a high-grade regional 
metamorphic rock. 

Some of the finest granulites are found in the 
following countries worldwide: Australia, Brazil, 
Canada, Democratic Republic of the Congo, India, 
Italy, Madagascar, Norway, Scotland, South Africa, 
Sri Lanka, Sweden, Uganda and Ukraine. In the USA 
there is abundant granulite in the Adirondack —. 
Mountains (New York). 
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On the mineral 
trail: Antarctica 


The fifth largest of 
the Earth's seven 
continents, 
Antarctica lies 
around the South Md ED? SEMNGS 
Pole. It is roughly dg A "ed 
circular in shape I B 
l ] 2 
apart from the Weddell Sea < 
indentations of the , 
Weddell and Ross 
seas and the ) Vinson Massif 
Antarctic Peninsula, | Ellsworth Mts aei dn 
which juts out 4 
4 J 

towards South 1 

. ; h Bentley Subglacial Trench 
America. Antarctica | J 
has a total area of Ta n 
at least 14.2 million xg 
sq. km, but during Ross Sea A Victoria Land 
winter it increases 
considerably in 
size as larger than 
normal quantities of sea ice 
form around its coasts and blur 
its boundaries. 

ntarctica is more than 95 per cent 

ice-covered and contains about 90 

per cent of the Earth's fresh water. 
On average, it is the highest of all the 
continents, due largely to its thick ice cover. 
It has an average elevation of 2300m and its 
highest point is the Vinson Massif (5140m). 
The lowest point is the Bentley Subglacial 
Trench, which is 2499m below sea level. 
This trench is covered with over 3000m of 
snow and ice. 

Since the Antarctica Treaty of 1961, the 

territorial claims of countries to various 
parts of the continent have been suspended. 


The treaty, which superseded a 1959 


agreement, reserved Antarctica for peaceful 


‘Atlantic Ocean 
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purposes. When the treaty 
was reviewed in 1991 it 

also introduced a range of 
measures to protect the 
environment and to prohibit 
mineral exploitation for at 
least 50 years. By 2008, 46 
countries had acceded to the 
treaty, representing about two 
thirds of the population of 
the world. 


The lie of the land 

While ice covers 95 per cent 

of the continent, with an 

average thickness of 2450m, 

the remaining five per cent 

consists of the projecting 

peaks of mountain ranges 

together with a few dry 

valleys, called oases, along the coast. 

Much of the Antarctic continent comprises a 
plateau 3000m high, but there are also some large 
mountain ranges. These include the Transantarctic 
Range — which extends from Victoria Land to Coats 
Land and contains peaks reaching heights of 4500m 
— and the Ellsworth Mountains, which include the 
imposing Vinson Massif. 

There is an active volcano on Ross Island — 
Mount Erebus — while the Antarctic Peninsula 
contains ice-capped plateaux and impressive fjords. 
This peninsula is linked to Tierra del Fuego in South 
America by the submerged Scotia Ridge, on which 
are located the islands of South Shetland, South 
Orkney and South Sandwich. 


Mineral resources 

Although Antarcticas minerals are hidden beneath 
the ice, geologists believe there are many deposits 
because of the geological similarity between areas of 


4 An Antarctic land 
and seascape. 
Because of the ice, 
it is difficult to see 
where the land ends 
and the sea begins. 


A Only five per cent of the surface of Antarctica is 
exposed - the rest is permanently covered in ice. 


the continent and mineral-rich areas of South Africa, 
South America and Australia. For example, the gold- 
producing Witwatersrand beds of South Africa 
closely resemble the geology of Queen Maud Land. 

There is a wide variety of metallic minerals, 
including stibnite (an ore of antimony), chromite 
(chromium ore), chalcocite and chalcopyrite 
(copper ores), native gold, galena (lead ore), 
molybdenite (molybdenum ore), cassiterite (tin ore) 
and sphalerite (zinc ore). The problem with these 
deposits is that, because of the thickness of the ice 
cover, the search for sizeable concentrations would 
require extremely expensive geophysical and 
geochemical surveying. 

Recent studies have also indicated that there are 
high concentrations of ferromanganese nodules on 
the floor of the Scotia Sea. 
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Sill 
Sills are intrusive igneous sheets aligned roughly in parallel with the host rocks. 
In scientific terms, they are said to be concordant intrusions. 


s we saw in Discovery 127, a dyke is a sheet- 
Aw igneous body which cuts across 

existing rock beds to form a feature known 
as a discordant intrusion. 


Conformables 
By contrast, sills form more or less in parallel to their 
host rocks and have generally been intruded during a 
single, unbroken period (episode) of igneous activity. 
In scientific terms, therefore, a sill is described as a 
concordant intrusion — this is effectively the opposite 
of a dyke, which is discordant. 

Sills are formed from magma which has infiltrated 
between (intruded) older rock strata, and are found 
sandwiched between layers of sedimentary rock. 


Great Whin Sill 

The first such structure to have been studied in detail 
and a classic example is the Great Whin Sill, which 
extends from County Durham to Northumberland 
across much of northern England. 

Many parts of this striking feature have been 
exposed to the surface of the Earth by erosion and 
weathering of overlying sedimentary rock layers 
beneath which it was originally concealed. The A The spectacular waterfall flowing over the Great Whin 
thickness of a sill may vary enormously, from a few Sill at High Force, County Durham (England). 


A Bamburgh Castle on the Great Whin Sill (England). The dolerite of this sill has outlasted the softer country rocks. 
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> These sills - which 

are composed mainly of 
dark igneous dolerite - 
reveal vertical jointing 
and are interbedded 
with pale volcanic tuffs 
(Yellowstone National 
Park, Wyoming, USA). 


Y Asill forming a 

low headland on the 
coast of Northumberland 
(England). The columnar 
jointing of the dolerite 
within the horizontal sill 
can be easily seen. 


centimetres to metres. The simplest sills are caused by 
a single intrusion. However, these are rare and may be 
so small that they are difficult to locate; it is much 
more common to find sills which have formed during 
two or more distinct phases of intrusion. 


Two main types 

The more complex sills have been produced by the 

intrusion of varying materials at different times, 

as for example when a sill of basic igneous rock is 

subsequently intruded by magma of a more acidic 

composition. These are said to be composites. 
Other sills are formed during numerous distinct 

phases from several intrusions of virtually identical 

rock material. In scientific terms, such sills are said 

to be multiples. 


Differentiation 

Differentiation is a process that occurs during the 
crystallisation of magma, during which different rocks 
may form as the magma cools. The classic example of 
this is the Palisades Sill in New York. This sill is about 
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v Two thin sills composed 
of pegmatite intruding 
into gneisses at 
Oldshoremore, Sutherland 
(Scotland). Although these 
sills slope, they are 
broadly horizontal in 
orientation and follow 
the same general dip as 
the host rock. 


300 metres thick and contains near its base a layer 
rich in the mineral olivine. The rest of the sill is 
typical dolerite. 

As the magma forming this sill cooled, olivine 
was one of the first minerals to form and the crystals 
of olivine sank through the liquid magma and settled 
near the bottom. These formed a rock approaching 
the composition of dunite (olivine rock). 


Aeolian deposits 


Aeolian deposits are sedimentary rocks that have been 
laid down under the influence of the wind. 
Their name is derived from Aiolos, the Greek god of the winds. 


ost aeolian rocks are sandstones 
with grains that are small 
and fine enough to 


have been readily transported 
by the wind. 
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4 The dark brown areas 

Quartz-rich deposits on the surface of this 
These grains are composed aeolian sandstone are 
predominantly of quartz, and zones of hematite, 
when they are examined in limonite and other 
detail they reveal two main oxides of iron. 
characteristics. One is that 
the grains are rounded — 
this is typical of wind- 
borne deposits and quite 
unlike rocks deposited by 
water, which typically have 
angular grains. 

The other main feature 
of aeolian grains is that 
they have been etched and 
pitted by the abrasive 
forces of erosion. 

Although quartz is the 
main component of these 
deposits, it is not the only 
one. The aeolian white sands 
of New Mexico (USA), for 


A The inclined lines visible 
on the surface of this 
specimen are known as 
cross bedding. 


4 The cross bedded 
sandstone of this cliff 
face in Durham (England) 
was originally deposited 
by wind action. 


example, are made mainly of gypsum. Coastal dune 
systems, such as those in northwest Scotland, contain 
a high proportion of calcium-rich (calcareous) matter, 
especially shell sand. 


Loess 

In the areas surrounding the location of ice sheets 
during the last Ice Age, there are often thick aeolian 
deposits called loess. Grains of loess are even smaller 
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A Magnified aeolian 
grains from the Arabian 
Desert (Saudi Arabia). 
Each particle is about 
5mm in diameter and has 
been rounded and 
smoothed by the 
persistent action 

of the wind. 


4 This sandstone was 
originally formed along 
the shoreline of a sea in 
which evaporite minerals 
were deposited. Today, 
however, it is found 
inland in County 

Durham (England). 


than those of sand and have been deposited by winds 
emanating from cold, ice-covered regions. 

Aeolian deposits are generally better sorted by size 
than water-borne deposits, and the degree of sorting 
may be a clue to whether a particular sandstone is 
fluvial or aeolian in origin. However, this is not 
always clear-cut, because aeolian grains may be 
redeposited by water in subsequent phases of 
geological activity. 
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Alabaster 


Alabaster is a variety 

of gypsum. It is very 

soft, but despite this it 
is sometimes used ornamentally. 


labaster is the compact, granular, massive form 
of the mineral gypsum (calcium sulphate) 
which has been used for hundreds of years 
to make statues, carvings and other forms of 
ornamentation. It is normally white, grey, pinkish, 
brownish or yellowish but can be artificially dyed. 
If it is heat-treated, it may be made to resemble 
marble (a metamorphic rock composed mainly of 
calcium carbonate). 


Types of gypsum 

There are three main types of gypsum, all of which 

have similar status as varieties of this mineral. Selenite 

is a transparent, crystalline form which occurs mainly : 

in beds of clay. Satin spar has a silky lustre and occurs "EE DUC NS P E 

as masses of fibrous prismatic crystals. Alabaster is a n 

non-crystalline variety of gypsum with no obvious AY Two fine 

crystal structure. specimens of CHARACTERISTICS "f 

Alabaster often has banding of different colours alabaster with Alabaster is a member of the 

running through it. For this reason it has been used natural banding sulphate group of minerals and is 

ornamentally, but because it is a form of gypsum it is (Bergamo, Italy). | made up of the chemical elements 
calcium, sulphur, hydrogen and 
oxygen. It is a form of gypsum, 
but while most gypsum occurs as 
crystals that are classified in the 
monoclinic system of symmetry, 
alabaster has no crystalline form 
and occurs as amorphous masses. 
Alabaster, together with other 
varieties of gypsum, scores only 2 
on the Mohs Scale of hardness. 

The colours of alabaster are 
variable, being white, grey, 
pinkish, brownish or yellowish, 
and it has a vitreous lustre. 
Alabaster weighs just over twice 
as much as the equivalent volume 
of water at room temperature. 
Alabaster is sometimes 

fluorescent and shows a light 
blue or orange colour under 
ultraviolet light. 
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very soft (gypsum scores just 2 on the Mohs Scale of 
hardness) and marks easily, so care has to be taken 
with alabaster ornaments. 


Uses 

Alabaster is used to make a wide range of ornaments 
and utensils: these include earrings, vases, cups, 
bowls, chandeliers and trinket boxes. The value of 
any of these depends on the skill of the craftsmen 
who carved them and the quality of the alabaster. 


' Alabaster forms through evaporation of saline water 
and occurs in sedimentary rocks. 

Gypsum is widespread and likely to be found 
almost anywhere in.the world. Many deposits 
contain a certain amount of alabaster, but 
commercially exploitable quantities are less 
common. The most productive deposits are in 
Lombardy and Tuscany (Italy). Other important 
deposits are found in Iran, Pakistan and Spain. Most 
of the USA's alabaster is mined in California, while 
most British alabaster comes from Derbyshire, 
Glamorganshire, Nottinghamshire and Staffordshire. 


< Alabaster with natural coloration. The best-looking 
alabaster is widely used by craftsmen. 


FACT FILE 
ALABASTER 


Group: Sulphates 

Crystal system: None 
Chemical formula: CaS0,.2H;0 
Hardness: 2 

Density: 2.3 

Cleavage: Distinct 

Fracture: Uneven 


Colour: White, grey, pinkish, 
brownish, yellowish 


Streak: White 
Lustre: Vitreous 


Fluorescence: Sometimes light 
blue or orange 


> Alabaster 
from Siena, Italy. 


Felsite 


Felsite is a fine-grained 
igneous rock 
consisting 

essentially of quartz 

and feldspar. 


elsite is typically 
F pale grey or pinkish 

in colour. Its name is 
derived from ‘feldspar’, one 
of its most important mineralogical 
components. When it was coined in the 18th century, 
the term ‘felsite’ was used by field geologists to 
describe fine-grained igneous rocks of uncertain 
origin. Today, however, it is more closely defined as an 
igneous rock containing substantial quantities of silica 
in the form of quartz and feldspar. 


A A typical specimen of felsite. Note the pinkish colour 
and the fine grain size. 


FACT FILE 
FELSITE 


Type: Intrusive igneous rock 

Essential components: Quartz, feldspar 
Colour: Pale grey, pinkish 

Texture: Equigranular, porphyritic, felsitic 
Grain size: Fine 

Density: 2.7 
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A Felsite with a 
porphyritic texture 
(Scotland). The deep pink 
coloration is derived from 
the mineral orthoclase (a 
potassium aluminium silicate 
of the feldspar group). 


Felsite porphyry 

Felsite is typically a fine-grained rock. It may 
sometimes have fairly large, individual crystals set in 
a fine-grained groundmass: in scientific terms, the 
overall texture of such rocks is said to be porphyritic, 
and felsite rocks of this type are sometimes known as 
felsite porphyry. 

The groundmass is often composed of crystals 
that are too small to be differentiated without the 
aid of a powerful microscope: such specimens are 
known as cryptocrystalline aggregates. 

Alternatively, the groundmass may be glassy in 
texture — this is because its component minerals cooled 
from the original magma too quickly for crystallisation 
to take place. 


Felsitic texture 

In scientific terms, the term 'felsitic texture’ is used to 
describe any igneous rock with fine-grained crystals set 
in a groundmass. 


A Felsite with large individual crystals (phenocrysts) of 
quartz and feldspar (Goldsithney, Cornwall, England). 
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v A felsite dyke cutting through a cliff face. The CHARACTERISTICS 


dyke has resisted weathering and now stands out 

from its surroundings. Felsite contains more than 65 per cent silica. In 
most felsites, at least 10 per cent of the silica takes 
the form of free quartz, and this naturally occurring 
silicon dioxide may account for more than 30 per 
cent of the rock's mineral content. 

The other essential minerals in felsite are 

feldspars (aluminium silicates of potassium, sodium 
or calcium). 


As 


i 
, 


ORIGINS and DISTRIBUTION 6% 4:5 
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" Most felsites occur in small veins or dykes. These 
structures are commonly associated with larger 
bodies of igneous rocks; they originated as masses 
of magma which have intruded the surrounding 
rocks through small fractures and then cooled very 
rapidly. Some felsites are created from rhyolitic 
lavas, which have been altered by a process known 
as devitrification. 

Felsites are common and widespread in 
many parts of the world. They may be seen in the 
following locations: the Tyrol (Austria); the Altiplano 
(Bolivia); Cornwall (England); Scotland; and the Rocky 
Mountains (USA). 


v The light-coloured area in this rock face is a felsite 
dyke cutting through surrounding beds of darker 
slate (Scotland). 


Grossu 


garnet 


Grossular garnet is 
a silicate mineral of 
considerable hardness 
that usually occurs 
in metamorphic rocks. 


he colour of grossular 

garnet varies enormously — 

it may be black, brown, 
green, grey, yellow, orange, pink, 
red, white or colourless. 


Gooseberry green 

Although grossular garnet can 

be many colours, the mineral takes 

its name from the first specimen 

to be identified. This previously 

unknown garnet was discovered 

in the early 19th century, and 

because it was green it was called 

‘grossular’, a word that derives 

from the Latin Ribes grossularia, 

the old scientific name for A Grossular garnet 

‘gooseberry’. from the town of 
Asbestos in Quebec, 


GROSSULAR GARNET prs "EN 4 A 12-sided 


Group: Silicates gee ptu un sk WEN (dodecahedral) 
Crystals system: Cubic TAY ? x y grossular garnet 
Chemical formula: Ca,Al,(Si0,); i Mu i RS crystal from 
Hardness: 6-7 a A t bi i Chihuahua, Mexico. 
Density: 3.4-3.6 : i : | 
Cleavage: None 


Fracture: Uneven to conchoidal 


Colour: Black, brown, green, grey, pink, 
yellow, orange, red, white, colourless 


Streak: White 
Lustre: Vitreous to resinous 


Fluorescence: None 


Widespread mineral 


Garnet group 
The garnets are a group of silicate minerals commonly 
found in metamorphic and some igneous rocks. 
Chemically they are very complex. As well as silicon and 
oxygen, which all silicates contain, garnets also have a 
number of metals in their chemical structure. These 
include magnesium, manganese, aluminium, iron and 
calcium. There are two main garnet groups — one of the 
groups contains almandine, pyrope and spessartine 
garnets, while the other contains andradite, uvarovite 
and grossular garnet. 

Grossular is a silicate of calcium and aluminium. It 
is a relatively hard mineral and registers between 6% 
and 7 on the Mohs Scale of hardness. Its density of 3.4 
to 3.6 makes it slightly heavier than average. 


Gemstone 

Its hardness along with its colour and habit make 
grossular garnet suitable for cutting as a gemstone. The 
green variety, tsavorite, which can resemble emerald, is 
often cut in the same way as emeralds. The orange, 
transparent variety of grossular, hessonite, is also prized 
as a gemstone. 


T3 pps 
Grossular is a member of the silicate group 
of minerals. Within this large group are a number 
of divisions, and grossular is in the garnet group. 
Garnets are silicates which contain metals in their 
chemical structure; grossular is a silicate of calcium 
and aluminium. 

Grossular garnet is a hard mineral, scoring 

from 67 to 7 on the Mohs Scale. Its crystals are 
classified in the cubic system but it hardly ever 
forms as cubes, more usually occurring as 12-sided 
dodecahedra. It may also be massive, granular or 
compact in habit. Many specimens are transparent 
and it has a vitreous to resinous lustre. 


A TWO specimens of 
green vanadium-bearing 
tsavorite from Kenya. 
These have been cut 
and faceted. 


n pessular garnet is commonly found in 
metamorphic rocks, especially marble. This rock 


forms by the contact metamorphism of limestone 
when heat from the magma or lava alters the 
chemical and physical features of the limestone. In 
these rocks grossular garnet is associated with 
calcite, diopside and idocrase. 

Hessonite - otherwise known as ‘cinnamon stone’ 
- is a variety of grossular garnet that is brownish red 
to yellow in colour and comes principally from Sri 
Lanka and Tanzania. A bright green variety contains 
the element vanadium: this is called tsavorite and 
comes from Kenya. An opaque green variety of 
grossular garnet that comes from South d is 
sometimes known as Transvaal jade. biu 


Grossular garnet is found in Australia, Asbestos M 
|. (a town in Quebec, Canada), Italy, Mexico, Pakistan, — 
Russia, around zermatt (Switzerland) and pus t 

L] 


parts of the USA. . 
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Quartz 


Quartz has many different 
colour varieties, most of 
which are used as gemstones. 
It is one of the Earth's most 
widespread minerals. 


"d 


uartz makes up more than 10 per cent of 
the Earth's crust, and as well as being very 
widespread it is also one of the most variable 
minerals. It occurs in all three main groups 
of rocks — igneous, sedimentary and metamorphic. 
The different colour varieties of quartz are used 
as gemstones. 


Variable mineral 
Quartz can occur in many colours. It may be green, 
colourless (rock crystal), white (milky quartz), purple 
(amethyst), pink (rose quartz), yellow (citrine), brown 
(smoky quartz or Cairngorm) or black (morion). 
A A group of quartz crystals from Arkansas, USA. 


CHARACTERISTICS 


Quartz belongs to the oxide group of minerals. (Many | 


QUARTZ 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: SiO, 
Hardness: 7 
Density: 2.65 


Cleavage: None 
Fracture: Conchoidal to uneven 
Colour: Colourless, white, purple, pink, yellow, green, brown, black 


Streak: White 
Lustre: Vitreous 
Fluorescence: None 


reference books wrongly list quartz as a silicate.) A 
single molecule of quartz is composed of one atom 
of silicon and two atoms of oxygen. 

Quartz forms fine six-sided crystals which are 
classified in the trigonal system of symmetry. Crystals 
are frequently twinned and occur in complex groups. 

Quartz is a hard mineral, scoring 7 on the Mohs 

Scale of hardness. 
Quartz occurs in many colour 
varieties - it can be colourless, 


* 


n REST E. white, purple, pink, yellow, 
b: "W-* green, brown or black. 
 * X © When the mineral is 


reduced to powder, a white 
streak is produced. However, 
to produce this, as it is so hard 
quartz needs to be rubbed 
against something harder than 
itself, such as corundum. 


<A clear quartz crystal 
in Carrara marble. 


Quartz is hard enough to withstand marking when 
exposed to everyday use, scoring 7 on the Mohs Scale 
of hardness. It has a density of 2.65. When broken, 
quartz typically displays a curved conchoidal fracture, 
though it can also have an uneven fracture; it does not 
have cleavage. 

Quartz commonly occurs as fine six-sided prismatic 
crystals which are classified in the trigonal system of 
symmetry. These crystals may be terminated by six- 
sided pyramids, and are frequently twinned. 


Chalcedony 
Quartz can occur in forms which are non-crystalline, 
or as masses made of minute, poorly formed crystals. 
These forms are called chalcedony, and are used as 
gemstones. Chalcedony usually forms in rounded 
botryoidal (like bunches of grapes) or reniform 
(kidney-shaped) habits, in cavities in a variety of rocks. 
Chalcedony can be many different colours, some of 
which have specific names. Carnelian is red or reddish- 
brown; chrysoprase is green; and jasper is red or 
greenish. Agate is a well-known variety of chalcedony 
that has concentric bands, often of different colours, 
though much agate that is used commercially is 
stained with vivid colours artificially. 


Electrical properties 

Quartz crystals are piezoelectric, a property discovered 

in the late 19th century by Pierre Curie. This means 

that a quartz crystal gives off an electric charge when 

subjected to pressure. Quartz has many scientific and 

industrial applications because of this property. 
Because quartz crystal oscillators vibrate at a 

definite frequency, they can be used in televisions 

and radios. 


Y A black quartz crystal on the mineral anhydrite 
(Apennine mountains, Italy). 
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Quartz is widespread and occurs in many geological 
situations. In igneous rocks (formed when magma or 
lava cools) quartz is often abundant. At least 10 per 
cent of granite is quartz and it often makes up 
more than 30 per cent of this rock. Quartz is less 
common in the basic rocks, such as gabbro and 
basalt, but even in these it can make up to 10 per 
cent of the rock. à 
Quartz grains, eroded and weathered from a 
former source, are the main mineral in sandstone. 
This sedimentary rock may have as much as 90 per. 
cent of its volume composed of quartz grains. Many 
metamorphic rocks contain large proportions of 
quartz; gneiss and schist have abundant quartz and 
meta-quartzite is virtually 100 per cent quartz. Quartz 
` also forms as fine crystals in mineral veins and in 
- vesicles (hollows) in lava. 
|. Quartz occurs abundantly worldwide. Fine crystals 
have been found in Brazil, Britain, France, Germany, 
India, Madagascar, Russia, Switzerland, Uruguay and 
many parts of the USA. r 
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A A gigantic specimen of morion quartz from Portugal. 
This single crystal is over one metre high and weighs 
more than 150kg. i 


A Iron-stained quartz crystals from Valencia, Spain. 


trail: Guyana 


Guyana is a republic 
in northeast South 
America. Until 1966, 
it was known as 
British Guiana but 
at independence 
adopted its present 
name, thought to 
be derived from the 
American-Indian 
word guiana, 
meaning 'land of 
many waters'. 


GEOGRAPHICAL AREAS OF GUYANA 
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Guyana occupies an 

area of 215,000 sq. 

km and is bordered 

in the north by the rod al 
Atlantic Ocean, in 

the east by Surinam, in the south 
and southwest by Brazil and in the 
northwest by Venezuela. 


he most important mineral resource in 

Guyana is bauxite, but there are also 

significant deposits of copper, diamonds, 
gold, graphite and iron ore. Other natural resources 
include china clay (kaolin), manganese, nickel, 
molybdenum and white sand, which is used in the 
manufacture of glass. 


The lie of the land 
A narrow coastal plain stretches for about 430km 
along the seaboard. The plain is only 16-65km A The Demerara River at Georgetown, the Guyanan capital. 


Guyana 
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A A Guyanan sugar 
refinery. In addition to 
minerals, sugar is one of 
Guyana's main exports. 


> The Essequibo River 
near the Atlantic coast. 


wide, yet contains 

about 90 per cent of the 
population. Away from 
the plain lies a deposit of 
white, almost pure, quartz 
sand about 130-160km 
wide, which extends 
across 60 per cent of 
eastern Guyana. This 
region is particularly 

rich in bauxite, the main 
source of aluminium. In 
the northwest, there is 
great mineral potential and it is here that manganese 
ore was mined until the late 1960s. 


Pakaraima range 

Further into the interior are densely forested uplands. 
The Pakaraima Mountains in the northwest are 
inaccessible. The range includes Mount Roraima 
(2772m), the country’s highest point, and the 
Kaieteur Falls on the Potaro River, which is one of 


the highest single-drop 

waterfalls in the world. 
Other waterfalls 

on the strong-flowing 

upper reaches of 

the Demerara and 

Mazaruni rivers are 

rich potential resources 

of hydroelectric power; 

unfortunately, however, 

their development 

has been hampered 

by their remoteness 

and the inhospitable 

surrounding terrain. 


Mineral resources 
Guyanas mineral 
industry is dominated 
by the production of 
bauxite, most of which 
comes from mines near Mackenzie, south of 
Georgetown, and on the Berbice River. In 2006, 
bauxite production was approximately 1.4 million 
tonnes a year. 

Important deposits of manganese ore are to be 
found at Matthews Ridge in the northwest near the 
Venezuelan border. Diamonds and gold are found in 
alluvial deposits along the banks of the Mazaruni and 
other rivers in the Pakaraima Mountains. 
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a Scree 


Scree is very common throughout the world and forms an important part 
of the mountain landscape of many regions. It typically accumulates at the base of 
a slope and extends part of the way up it. The sediment of which it is 
composed is generally coarse-grained and may vary greatly in size, from the tiniest 
grains and small fragments to large boulders. 


he rock fragments that 
comprise a typical deposit 
of scree tend to be sharply 


angular and not very well sorted 
by size. 


Active slopes 

However, the smallest particles of 
scree tend to be filtered down to the 
base of the slope. Thus, screes always 
form at an angle to the horizontal 
plane; their outermost layers are the 
most likely to slip under gravity — 
these are said to be the most active. 


e Weathering 
Scree sediments originate on higher 
parts of the hill or mountain behind 
them. In cool temperate and arctic 
zones, they are dislodged mainly by 
sharp changes in temperature, an 
agent known as mechanical 
weathering. In tropical regions, 
however, screes may be formed 
through chemical weathering. 


A Scree deposits at the 
foot of a flat-topped 
sandstone outcrop 
(mesa) in Utah (USA). 


4 This scree slope on the 
side of a mountain has 
been formed from the 
accumulation of various 
blocks, boulders and 
smaller pieces of debris 
eroded from the quartzite 
cliff above (Scotland). 
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< A classic 

scree formation 
bordering a lake in 
the Swiss Alps. 


v Scree breccia 
composed of 
angular fragments. 
Note how the 
largest fragments 
have dropped to 
the base. 


Altitude and latitude particles which eventually stabilise the whole 

Some of the most imposing scree deposits are found mass. However, hillside waste may continue to slide 

on high ground in extreme northern and southern slowly downwards under gravity — this is known 

latitudes, in climates where ice may become wedged scientifically as soil creep. 

between the joints in the rock, causing particles to be 

dislodged. Many of these screes were formed quite Breccia 

recently in geological terms, during the last Ice Age. Scree formations of this type may ultimately 
consolidate into breccia, which is a coarse-grained 

Soil creep sedimentary rock containing angular fragments 

After deposition, screes may become overgrown with bonded together by a cement of calcite, iron oxides 

plants (vegetated), and their hollows infilled with finer and/or quartz. 


x 
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DISCOVERY 


Red beds 


Red beds are sedimentary strata formed in an oxygen-rich environment 
that has changed some of the iron present in the rocks 
into hematite, a reddish brown mineral form of iron oxide. 
Some red beds extend over wide areas. 


ed beds are reasonably common and many are 
R vee thickness. Some of the sandstones of 

England and Scotland are red beds. They are 
also found in Africa, Australia, Scandinavia and along 
the shores of Lake Superior in the USA. Geologists 
consider that, for the term red bed to be applicable, at 
least 60 per cent of the sedimentary rocks in a given 
sequence must be of this colour. 


Types of rock 

Red bed rocks are usually sandstones, conglomerates 
and shales. Their red colour is caused by hematite 
(iron oxide), which often takes the form of a coating 


A These red bed deposits in the Navajo Tribal Park on 
the Utah/Arizona border (USA) have been eroded by the 
wind to form a spectacular array of pillars and flat- 
topped hills above level tablelands. 


on the grains and may act as a cementing agent. 
Usually, the amount of hematite is less than 10 per 
cent by volume, but this is enough to give the rock a 
reddish colour. 


Fine-grained deposits 
The amount of iron oxide is greatest in the finer- 
grained rocks. In conglomerates and coarse sandstones, 


speq pod 


A Typical red bed strata - a hematite-rich sandstone and 
conglomerate deposit in Sutherland (Scotland). 


> Red sandstone, a typical component of a red bed. Each 
grain of quartz - the main mineral in this rock - has been 
coated with a red layer of hematite (iron oxide). 


v Stac Polly, a mountain made of red bed sandstones and 
conglomerates (Scotland). 


by contrast, it may only be sufficient to colour the 
rocks brown. 


Before and after 

The hematite staining may have been produced at 
the source of the sediment and then preserved during 
deposition. In some areas of the world, red soils are 
forming now, especially when there is an average 
annual temperature of about 15°C and high rainfall. 
These conditions cause the oxidation of iron and the 
hematite thus produced may be a deep red. 


DISCOVERY | 


A A conglomerate specimen from a red bed in the 
Vosges Mountains (France). The rock matrix is composed 
of fine sandstone grains coated with rust-red hematite. 


It is possible for red colouring to be produced 
after the deposition of sediments. In some coal-bearing 
strata, pyrite and siderite may be oxidised to create a 
red bed. 

Red beds may also be created by direct 
precipitation of hematite onto existing sedimentary 
rock strata. The Wabana oolitic ironstones of 
Newfoundland (Canada) and the calcium-rich 
(calcareous) organic rocks near Bristol (England) are 
both of marine origin but are also rich in hematite, a 
mineral of land-based (continental) formation. 
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rieliotr 


Heliotrope is a variety of the 
mineral chalcedony, which 
is itself a form of quartz. 
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eliotrope is also known as 

‘bloodstone’ because of 

the distinctive red 
spots in the mineral. 

Heliotrope is a green 

form of chalcedony which 
has red spots distributed 
throughout its mass. 
These spots are caused 
by iron oxide 
impurities similar 
to those in jasper, 
another form 
of chalcedony. 
The pattern and 
intensity of 
these red spots 
have a bearing 
on the stone’s 
commercial value. 


4 v<in both 
these specimens of 
heliotrope from India 
the red coloration is 

clearly visible. 


History 

Heliotrope has been known for thousands of years. 
According to ancient legend, it bestowed upon its 
owner the power of invisibility. It was once believed 
that the stone could turn the Suns rays red: indeed, its 
name derives from the Greek words Pe/;os, meaning 
‘sun’, and tropos, ‘turning’. 


ORIGINS and DISTRIBUTION & 


In common with other forms of chalcedony, 
heliotrope is formed in various ways. It may 
occur when silica-rich solutions seep into fissures 
in rocks in the Earth's crust and deposit chalcedony 
as thin veins and nodular masses. Heliotrope may 
also be formed around hot springs, in volcanic 
regions and as flint and chert formed in marine 
sedimentary rocks. 

Heliotrope is found worldwide. Important sources 
of heliotrope include Australia, Austria, Brazil, India, 
Scotland and the USA. 


> A cut and polished slab 
of heliotrope (india). 


Y A polished slab of 
heliotrope from Brazil. 


FACT FILE 


4 Heliotrope 
cut in a 
cabochon 
(India). 


HELIOTROPE 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: SiO; 


Hardness: 6/—7 


Density: 2.6 


Cleavage: None 


CHARACTERISTICS Py 


Like all forms of quartz, heliotrope is a member of 
the oxide group of minerals. Each molecule contains 
one atom of silicon and two atoms of oxygen. 

Heliotrope forms in masses which are made up of 
microscopic quartz crystals. These crystals, which 
are invisible to the naked eye, conform to the 
trigonal system of symmetry. 

The red spots and speckles in heliotrope are 
caused by iron oxide impurities. 

Heliotrope is a hard mineral, scoring 64-7 on the 
Mohs Scale of hardness. It has no cleavage, and its 
fracture is conchoidal. 


In the Middle Ages, slabs of heliotrope were used 
by sculptors to depict scenes of Christ's Passion, as the 


red spots reminded people of drops of Christ's blood. 
The cut 


Today, heliotrope is sometimes used to make 
ornaments and small statues. 
When it is incorporated into 
jewellery, it is cut and 
polished into smooth, 
domed cabochons, 
spheres or droplets. 
It is most often 
seen in pendants, 
brooches and 
earrings. 


Fracture: Conchoidal 


Colour: Green with red spots 


< A specimen of 


Streak: White 


unpolished heliotrope 


Lustre: Vitreous to resinous 


(India). 


Fluorescence: None 


' MINERALS 


.  Carnallite is a widespread 
= evaporite mineral with a range 
S of industrial uses, especially 
in fertilisers. 


arnallite may be white or colourless, although 
it is very often reddish because of the presence 
of minute impurities of hematite. It is named in 
honour of Rudolf von Carnall (1804—1874), a German 
mining engineer. 
Carnallite contains potassium and occurs in abundant 
deposits close to the surface in many parts of the Earth. 


Industrial use 
The greatest concentrations of carnallite are mined for 
use as potassium-based fertilisers. 

Carnallite is a very soft mineral, with a hardness 
of only 24 on the Mohs Scale. It has a low density of 
1.6. When handled it feels greasy, and the mineral is 
noted for its rather bitter salty taste, though it is not 
advisable to carry out this test. 


AA Carnallite from the Boulby Mine, Yorkshire (England). 
The glassy sheen (vitreous lustre) is typical of freshly 
extracted crystals; after extended exposure to the 
atmosphere, their surface starts to become greasy. 


A The attractive pink coloration of this carnallite is 
caused by the presence of microscopic inclusions of 
hematite (iron oxide). 


Industrial mineral 


Tests and treatment 
Carnallite melts (fuses) easily in an open flame, which 
is coloured violet by potassium in the mineral. 

After it has been removed from under an ultraviolet 
lamp, carnallite continues to emit a distinctive light 
of its own — the scientific term for this effect is 
phosphorescence. 

It is readily soluble and dissolves easily (deliquesces) 
in water absorbed from the atmosphere. Because of 
this, specimens of carnallite must be kept in airtight 
containers with dessicating gel. 


A Beds of sedimentary marl rich in carnallite and other 
evaporites (Somerset, England). 


A Carnallite associated 
with gypsum, 
manganocalcite and quartz 
(Pachapaque, Bolivia). 


CARNALLITE 


Group: Halides 


Crystal system: Orthorhombic 
Chemical formula: KMgCl,.6H,0 
Hardness: 27 

Density: 1.6 

Cleavage: None 


Fracture: Conchoidal 


Colour: White, colourless, reddish 
Streak: White 
Lustre: Vitreous or greasy 


Fluorescence: None 


—Carnallite is an evaporite deposit formed in layers on 

the bed of salt lakes and seas which have dried out. 
It is commonly associated with other minerals 

of the same type, especially anhydrite (calcium 


(sodium chloride) and sylvite (potassium chloride). It 
is the last evaporite to be precipitated, because 
it is the most soluble and so stays in solution the 
longest. Carnallite may be found in association with 
sedimentary rocks such as clay, dolomite and marl. 
Large quantities of carnallite are found in many 
parts of the world, notably in the following locations: 
China; Somerset and Yorkshire (England); Stassfurt 
(Germany); Iran; San Cataldo and Pasquasia, Sicily 
(Italy); Mali; Spain; Tunisia; and Solikamsk (Ukraine). In 
the USA carnallite is found in Arizona, New Mexico, 
Texas and Utah. 


ACTERISTICS 


Carnallite is a member of the halide group of 
minerals. Each molecule is composed of one atom of 
potassium, one atom of magnesium and three atoms 
of chlorine, together with six attached molecules of 
water of crystallisation. 

Crystals of carnallite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. However, crystals 

. arerare - the mineral generally occurs in granular or 

| massive habit. 

| Carnallite is very soft, scoring only 2% on the Mohs 
Scale of hardness, and may be easily scratched with a 
coin. Its density is below average at only 1.6. 


EET 


A Pink sylvite in marl - two of the geological materials with which 
carnallite is often associated. 


sulphate), gypsum (hydrated calcium sulphate), halite 
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Large deposits of the 

sedimentary rock marl are 

sometimes used in industry to 
make cement and fertiliser. 


arl is usually light or dark grey, but may 
also be brownish or greenish in colour. 
The name derives from the Latin margila, 
meaning 'clay'. 
Marl is a fine-grained sedimentary rock with a 
distinctively crumbly (friable) texture; the individual 


A A specimen of light 
grey marl. It looks 
very similar to chalk, a 
closely related rock 
which also forms from 
pre-existent marine or 
freshwater muds. 


MARL 


Type: Sedimentary rock 


Essential components: Calcite and 
clay minerals 


Colour: Light or dark grey, brownish, 
greenish 


Texture: Well sorted 
Grain size: Fine to very fine 
Density: 2.00—2.65 


grains are only visible with a 10x hand lens, or by 
looking at a thin section through a microscope. 

It is a form of clay, but is distinguished from other 
clays by containing a large amount of calcite (calcium 
carbonate) — usually between 40 and 60 per cent of the 
rock is composed of this mineral. Marl also contains 
small grains of quartz, clay minerals and mica. Red 
marls are coloured by iron oxide and green marls 
contain minerals such as glauconite and chlorite. 


Industrial uses 
Marl may be a product of either marine or freshwater 
sedimentation. Large freshwater marl deposits 


A The rocks beneath this rural scene are predominantly marl (Florence, Italy). 
Marl is broadly similar to clay but richer in calcium-bearing minerals. 
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Sedimentary rock 


ot 


A A typical specimen of grey marl. This calcium-bearing 
sedimentary rock occurs in southern England. 


containing 80—90 per cent calcium carbonate 

(largely in the form of calcite) and less than 3 per cent 
magnesium carbonate may be used in the manufacture 
of bricks and Portland cement. 

Marl is also used as an agricultural fertiliser, 
especially in the dressing (mineral enrichment) of 
lime-deficient land, and farmers sometimes speak of 
‘marling’ their fields. 


> Marl is a fine-grained mixture of quartz, clay 

and carbonate components which have 

been deposited in lakes and 

marine basins. Pp xz 5 
This specimen of "T Rach oo 
marl derives its d 

grey coloration £ 

from an 

admixture of 

clay (Kent, os 
England). F : ee 


E 


Marl is a mixture of several minerals which typically 
occur as fine grains rather than as large crystals. Its 
essential components are calcite (calcium carbonate, 
chemical formula CaCO;) and dolomite, a carbonate 
of calcium and magnesium with the chemical 
formula CaMg(CO,),. 

Marl also contains clay minerals, quartz (silicon 
dioxide, SiO; and mica (a group of silicates of 
potassium, aluminium and iron). Very small amounts 
of graphite (a soft variety of carbon) may sometimes 
be found in marl. 

In some marl strata, small amounts of gypsum 
and pyrite may also be found. However, these 
minerals do not form essential parts of the rock's 
make-up. Gypsum is hydrated calcium sulphate 
(chemical formula CaSO,.2H,0); pyrite is iron sulphide 
(chemical formula FeS.). 

In addition to these minerals, marl may also 
contain fossils. 


ORIGINS and DISTRIBUTION & 


"Mari is a sedimentary rock often produced in 
association with evaporite deposits. Sequences of 
evaporites are formed when saline lakes or salt 
water lagoons dry out and the minerals 
contained in solution crystallise. These 
N minerals include halite, gypsum and sylvite. 
^ 


m. 
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Marl occurs as layers between beds of 
à these minerals. Marl can also be 
= À deposited as a detrital sediment, 
" À usually with limestones. 

Marl is fairly widely distributed 
around the Earth and is particularly 
common in the Piedmont Basin 
Ee. nl (Italy) and along the English Channel 

?— 39 coast from Dorset to Kent (England). 


4 The gently rolling 
hills around Siena (Italy) 
are formed mainly from 
mud-based (argillaceous) 
marl. Marly topsoil is rich 
in calcium-bearing 
(calcareous) minerals 
and is thus particularly 
suitable for the 
cultivation of crops. 


Samarskite contains uranium. 

It is also an important industrial 
ore of niobium, 
tantalum and yttrium. 


amarskite is black 
or brown in colour. 
It is named after 
Colonel von Samarski, 
a I9th-century inspector 
of mines in the Ural 
Mountains of Russia. 
Samarskite was discovered in 
the early 19th century near Miask 
in the southern Ural Mountains. It was confirmed 
as a distinct mineral in 1847. A Dark samarskite in association with closely related 
minerals of the columbite-tantalite group. 
Metamict mineral 
Although samarskite displays an external crystal form, 
its internal framework (atomic lattice) is imperfectly 
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v Typical samarskite with interspersed areas of black and atoms each of yttrium, cerium, uranium and iron, | 
brown. Some of the black parts of the specimen retain five atoms each of niobium, tantalum and titanium, | 
the velvety appearance characteristic of this mineral and 16 atoms of oxygen. Although it is sometimes | 
when freshly extracted from the ground; other parts classified as a niobate or a tantalate, it is more | 
have been tarnished by contact with the air. commonly regarded as an oxide. | 


Crystals of samarskite conform to the 
orthorhombic system of symmetry, in which no 
crystallographic axis is the same length as any other. 
They occur in prismatic shapes. Samarskite also 
occurs in compact or massive habits. 


FACT FILE 


SAMARSKITE 


Group: Oxides 


Crystal system: Orthorhombic 

Chemical formula: (Y,Ce,U,Fe)3(Nb,Ta,Ti);045 
Hardness: 5—6 

Density: 5.15—5.69 

Cleavage: Indistinct 


Fracture: Conchoidal 


Colour: Black, brown 
Streak: Black to reddish brown 
Lustre: Resinous, vitreous, submetallic, greasy or dull 


Fluorescence: None 
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structured. As a result, when X-rays are passed through 
it, they do not reveal areas of darkness and light in the 
normal way and thus cannot be used to determine the 
crystal structure. 

Minerals with this property are known as metamict 
minerals. Some metamict minerals may be converted 
into a more normal crystalline state by heating: when 
samarskite is treated in this way, it may be seen to 
conform to the orthorhombic system of symmetry. 


Industrial uses 

Samarskite may contain up to 23 per cent of 
uranium, a radioactive metal which is the main 
source of nuclear energy. 

The mineral also contains valuable concentrations 
of the rare metals niobium, tantalum and yttrium. 
Niobium is used as a strengthener in steel alloys; 
tantalum is also used as an alloy, mainly to increase 
hardness and chemical resistance, especially in surgical 
instruments; yttrium is used in alloys and is important 
in the construction of lasers. 


Tests 

Samarskite is highly radioactive and should never 
be handled without protective clothing. It dissolves 
(is soluble) only in hot acids. When heated, it loses 
its colour and breaks up with a crackling sound 
(decrepitates), but melts (fuses) only at the edges. 


WARNING 
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ORIGINS and DISTRIBUTION 


= Samarskite is found in granites and pegmatites, 


where it commonly occurs in association with the 
closely related mineral columbite (an oxide of iron, 
manganese, niobium and tantalum). 

The most extensive deposits of samarskite are 
mined industrially for the valuable metals they 
contain. Some of the world's most productive mines 
are in the following locations: Brazil; Madras (India); 
Borneo (Indonesia); Madagascar; Norway; near Miask 
and in the sands along the shores of the Black and 
Caspian seas (Russia); Switzerland; Riverside County, 
California and Mitchell County, North Carolina (USA). 


A This small specimen of samarskite was found 
near Madras (India). 


A Pegmatite veins in darker ultrabasic igneous rocks. These are a typical source of samarskite. 


GROUNDWORK 


On the mineral 
trail: Ghana 


A British colony until 

1960, Ghana is now an 
independent republic 

on the Gulf of Guinea Major mineral 
in West Africa, just 

north of the Equator. 


GEOGRAPHICAL AREAS OF GHANA 


BURKINA FASO 


It occupies a total IVORY COAST 

land area of 238,533 

sq. km and is 

bordered in the north 

by Burkina Faso 

(formerly known as 

Upper Volta), in the / ove 
west by the Ivory ( 
Coast (Côte d'Ivoire), | 
in the east by Togo j 
and in the south for 
about 540km by the 

Atlantic Ocean. 


espite being one of 
the world’s poorest 
countries, Ghana 


contains numerous valuable 
minerals which account for 
a large percentage of its 
foreign earnings. It is 
particularly rich in gold, 
and indeed the country was 


Nsuta m 


> Beneath the Atlantic Ocean, 
off Cape Three Points, there 
are rich deposits of oil and 
natural gas. 
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A Despite the mineral 
wealth of Ghana's interior, 
most of the population 
lives along the Atlantic 
coast in towns like this. 


known as the Gold Coast 
until 1957. 


The lie of the land 
Ghana is a low-lying 
country: its highest point 
is Mount Afadjato, east of 
Lake Volta, which is only 
885m above sea level. 

The coastal plain — 
which runs the length of 
the south coast and extends 
between 50 and 80km inland — is characterised by 
sand and salt water lagoons. Much of the rest of the 
surface of Ghana is made up of weathered laterites 
which are red because of their high iron content. 
Smaller areas of bauxite and manganese are found on 
the flat tops of hills in many parts of the country. 


Mineral wealth 

Ghana contains a wide range of minerals, but only a 
few of these — notably gold, diamonds, manganese ore 
and bauxite — are fully exploited. Gold has been mined 
since the 15th century. Production increased during 
the late 20th century and by 2005 Ghana was 
producing 2.5 per cent of world production of 

gold. Most of the metal is mined at Obuasi. 


GROUNDWORK. 


A Lush tropical countryside near Ghana's most 
productive gold mine at Obuasi. 


Manganese ore has been mined since 1915 and 
by 2006 was yielding 600,000 tonnes of manganese 
annually. Much of the ore is mined at Nsuta. 
Diamonds have been mined in Ghana since 1919, 
and by 2006 one million carats were being mined 
each year. 

Bauxite — the principal ore of aluminium — has 
been mined since 1942, and in 2006 almost 900,000 
tonnes were extracted. The ore is processd at the Tema 
aluminium rolling mill. 

Ghana has offshore oil and natural gas deposits and 
is self-sufficient in rock salt. 


DISCOVERY — 


Amyedales 


An amygdale is a rounded, crystal-filled cavity (vesicle) in a volcanic rock. 
It is formed where a bubble of escaping gas has left a cavity that later became 
filled with minerals, such as zeolites and quartz. The name, which 
refers to its characteristic shape, comes from the Greek word for 'almond'. 


hen lava erupts it is often filled with 
gas and is therefore rather frothy. As the 
lava cools, gas bubbles are trapped and 


gradually, when the gas seeps from the lava, small 
hollows, called vesicles, are left where the gas bubbles 
were. These can be filled with a variety of minerals at 
any time after the lava has solidified. The infilled 
cavities are called amygdales. Amygdales frequently 
contain hard minerals like quartz, and when the 

lava is weathered these remain as rounded nodules. 
Amygdales removed from the rock are called geodes. 


Vesicular structure 

When these cavities remain empty, the rocks in which 
they appear reveal pock-marks on their surface — in 
scientific terms, such rocks are said to have a vesicular 
texture. Among the best known vesicular rocks are 
pumice and scoriae, both of which are often thrown 
out of the parent volcano in the form of pyroclastic 
material. 

In other rocks, by contrast, these vesicles may 
become filled with a mineral or minerals — it is only 
when infilling has occurred that such rocks may be 
described as amygdaloidal. 


Pipe amygdales 
Some amygdales are formed when lava flows over a 
spring or a patch of wet ground. The heat of the lava 


A A geode containing 
dark purple crystals of 
amethyst (a form of 
quartz). The cavity in 
which they have grown 
was created from a lava 
bubble. 


4 The Storr rocks 

on the Isle of Skye 
(Scotland) are made 
of basalt and contain 
abundant amygdales. 
The area is particularly 
rich in zeolites. 


sojepbAuly 


on the cold water creates steam; this may penetrate 
the lava, and when the molten mass solidifies, tubes 
may be left behind. If these then become filled with 


minerals, they are known as pipe amygdales. 


5 


4 Three of the minerals 
most typically found in 
amygdales: green 
apophyllite, grey gyrolite 
and pink heulandite. 


4 Y Amygdaloidal basalt 
from southeast Scotland. 
The infilling is of agate 
(the banded form of 
silicon dioxide). 


v This geode from basalt 
has been infilled with 
crystals of quartz (Brazil). 


Infilling minerals 

The minerals in an amygdale may form long after the 
surrounding lava has solidified; alternatively, they may 
be created — or at least helped to form (catalysed) — by 
the gases in the original bubbles. 

Amygdales — which are typically between about 
Imm and 30cm in diameter — may contain a wide 
range of minerals. Among the most striking of these 
are agate, amethyst and quartz (three forms of silicon 
dioxide), calcite (calcium carbonate) and members of 
the zeolite group. 


Display material 

The finest geodes — especially those containing the 
zeolite minerals analcime, apophyllite, chabazite, 
gyrolite, heulandite and natrolite — are beautiful and 


make attractive additions to a mineralogical collection. 


e Moraines 


A moraine is composed of sediment, often referred to as boulder clay, which has 
been transported and deposited by ice. Moraines may be seen today not only in 
areas of current glacial activity but in many parts of the world, including the tropics, 
which have not been glaciated for thousands or millions of years. 


oraines — which may be composed of 
geological material of almost any size, 
from minute grains to huge boulders — are 


deposited by an ice sheet or glacier. There are several 
types of moraine, which are classified according to 
whether they are carried on, in front of, or under 
the ice. 


SOUIPIOWN 


Surface transport 
As a glacier moves, it erodes the sides of its valley and 
rock material falls onto the margins of the ice. Freeze- 
thaw weathering removes rock from higher up the 
valley sides and this, too, tumbles onto the glacier. 
The rock debris which is concentrated on the margins 
of the glacier is called lateral moraine. This is carried 
‘ed by the glacier and eventually may be deposited, when 
the ice melts, on the valley sides. 

If two valley glaciers merge, their lateral moraines 
can coalesce to form a central medial moraine in the 
larger, combined, glacier. When the ice melts, the 
medial moraine can be seen as a ridge running 


centrally along a U-shaped glaciated valley. 


A Part of the Aletsch 
glacier (Switzerland), 
the longest ice flow in 
Europe. Weathered 
debris may become 

du a ea dislodged from the 

ct A Sa ; x on DO mountainsides above 
3 the glacier to form 
lateral moraines along 
the sides of the ice. 


<A moraine at the 
front edge (snout) of 
a glacier in Greenland. 
Some of the debris in 
the foreground has 
been transported by 
streams of glacial 
meltwater. 


Under the ice 

Much rock debris, ranging from boulders to fine clay, 
can be moved along the base of the ice as ground 
moraine. This material is active in eroding the bedrock 
over which the ice flows, by the process of abrasion. 
Scratches left on rock surfaces, where ice has moved, 
are produced by rocks frozen into the base of the ice 
and they allow geologists to work out the direction of 
ice movement. When the ice sheet or valley glacier 
melts, this material remains as an irregular deposit of 
boulder clay. 


In front of the ice 


Glaciers move considerable quantities of rock material 


along in front of them at the glacier snout (front edge). 


Y Since it was originally deposited by a glacier at 
the end of the Ice Age, this boulder clay has been 
extensively eroded by the action of running water 
(Filey Bay, Yorkshire, England). 
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A An arc-shaped terminal moraine at the snout of Piuli 
Nuna glacier (northwest Greenland). 


This push moraine will eventually become a terminal 
moraine when the ice melts, marking the ultimate 
position of the ice advance. Usually, terminal moraines 
are roughly crescent-shaped when seen from above. 
Sometimes, if a melting glacier halts a number 
of times during its retreat, terminal moraines will 
mark each of these stops. After glaciation, a corrie or 
glacial valley can be occupied by a lake. The terminal 
moraine acts as an efficient dam, holding the water 


behind it. 


A A moraine damming a circular hollow (corrie) that has 
been filled with a lake (tarn). 
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| Brecciaisa 
sedimentary rock 
containing large 
angular fragments of 
pre-existing rocks. 


reccia is variable in colour. 

Its name comes into 

English from Italian but 
derives ultimately from the Old 
High German brecha, meaning 
‘fragment’. 

Breccia is made up of angular 
fragments of rock set in a base 
(matrix) of finer-grained material. 
If all these components are of the 
same rock type, the breccia is described 
as monogenetic. 


Polygenetic breccia 

More commonly, however, breccia is composed of 
rocks of various types, and such breccias are said to 
be polygenetic. Although these components may be 
igneous, metamorphic or sedimentary in origin, 
breccia is classified as a sedimentary rock. 


FACT FILE 
BRECCIA 


Type: Sedimentary rock 


Essential components: Angular rock fragments 


Colour: Variable 


Texture: Unsorted 


Grain size: Coarse-grained 
Density: 2.6-3.0 


> A specimen of fault 
breccia, which is formed 
by the breaking of rock 
when a fault moves. 
This breccia is made of 
fragments of limestone 
cemented by iron-rich 
pulverised rock. 


A A specimen of monogenetic breccia. Although it 
contains larger fragments embedded in a fine- 
grained groundmass, this type of breccia has 
formed from only one variety of pre-existent rock. 


‘sedimentary rock 


MINERALS PLUS 


Calcite or silica cement 
The large particles are bound by cement made of 
minerals such as calcite or quartz. This cementing 
material is introduced to the rock some time after 
the deposition of the fragments. Water, bringing the 
cementing minerals into the rock, seeps between the 
large angular fragments as they do not fit well together. 
The exact type of cementing mineral is determined 
by the environment in which the breccia is deposited. 
Breccias made of fragments of limestone are often 
cemented by calcite, but this is not always the case, as 
groundwater rich in silica can also find its way into 
such breccias. 


Breccias and conglomerates 

The size of breccia fragments is enormously 

variable. Although breccias are broadly similar to 
conglomerates, the latter are made up of rounded 
fragments, while those of breccia are angular in shape. 


v Breccia is composed of large angular 

fragments set in a finer matrix. The grey fragments 
in this breccia from the northern Pennines (England) 
are made of limestone. 


CTERISTICS 


ERI 


Breccia is a sedimentary rock composed of large 
angular fragments. These can be readily identified, 
as they have undergone no change during their 
deposition in the rock. The fragments may be ofany _ 
igneous, sedimentary or metamorphic rock. They 
can have a finer-grained matrix of sand or silt-sized 
particles between them. The cementing minerals 
can be calcite, silica, iron oxides or other minerals. 
Breccias are usually brown or grey. Their colour 
depends on the nature of the included fragments, 
and if the breccia contains fragments of different | 
rocks it can have a varied colour. Breccias have 
included fragments which are a variety of sizes; 
they are therefore classified as unsorted 
sedimentary rocks. 


i» Breccia is a widespread sedimentary rock. Some 

breccias develop through the consolidation of scree 
=rock fragments which have accumulated at the 
base of a cliff. Breccia can also be formed along fault 
zones where rock has become fragmented by the 
movement of the fault. Fault breccias are linear 
deposits, following the position of a fault. 

Breccias can sometimes be associated with 

unconformities and may be found deposited on 
the unconformity surface (see Discovery 156). 
Breccias are usually not extensive, though they 
are relatively common and occur worldwide. 


v Breccia from Meganissi (Greece). The sharply angular 
white fragments are made of limestone, as is the 
groundmass. But the groundmass is much 
finer-grained and stained with iron oxide. 


Cornetite is a rare mineral 
that is found in copper 
EE deposits in Africa and 

the United States of America. 


^" 


Nornetite is dark blue or greenish blue 
( in colour. It was confirmed as a mineral 
Ain 1917 and named after the Belgian 

geologist Jules Cornet (1865-1929). 
Cornetite is a hydrous phosphate of copper. 


It occurs as prismatic crystals, which are classified 


in the orthorhombic system of symmetry, or as 
crusts. Cornetite is a brittle mineral, but it has 
no cleavage. 


Cornetite is found in association with a 
wide range of other copper-bearing minerals, 
particularly brochantite (a hydrous copper sulphate), 
chrysocolla (a hydrous, hydrated silicate of copper 
and aluminium) and malachite (a hydrous carbonate 
of copper). 


A> A greenish crust of cornetite on a rock base 
(above), and a close-up of the same specimen tright), 
showing the minute individual crystals (Zambia). 


[EJouluJ əley 


A In this specimen, cornetite is the darker of the two 
minerals. The lighter associated mineral is pseudo- 
malachite, another copper phosphate (Kitwe, Zambia). 


ORIGINS and 
DISTRIBUTION 


Cornetite is a widespread 
secondary mineral formed in 
alteration zones of copper 
deposits (zones that have 
been affected by the action of 
hot hydrothermal fluids). 

The classic source (type 
locality) of cornetite is at 
L'Etoile du Congo copper 
mine, Katanga (Democratic 
Republic of the Congo). This 
mineral is:also found at Bwana 
Mkubwa (Zambia). In the USA, 
cornetite has been found in 
the following locations: in the 
Blue Jay and Empire mines and 
at Yerrington (Nevada); and at 
Tucson (Arizona). be 
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FACT FILE 
CORNETITE 


Group: Phosphates 

Crystal system: Orthorhombic 
Chemical formula: Cu,(P0,)(OH); 
Hardness: 47 

Density: 4.1 

Cleavage: None 

Fracture: Uneven 


Lustre: Vitreous 
Fluorescence: None 


A Cornetite encrusting 
botryoidal (shaped like a 
bunch of grapes) 
malachite. 


> Cornetite in association 
with malachite (South 
Africa). 


Y A mass of copper 
minerals, including 
cornetite, chrysocolla and 
malachite (Whim Creek 
Copper Mine, Australia). 


CHARACTERISTICS 


Cornetite is a member of the phosphate group of 
minerals. Each molecule is composed of three atoms 
of copper, one phosphate ion (chemical formula PO,) 
and three hydroxyl ions (chemical formula OH). 

Crystals of cornetite conform to the 
orthorhombic system of symmetry in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. The crystals 
occur as short prisms, often with rounded ends, or 
as microcrystalline crusts. 

Cornetite is a brittle mineral. When subjected to 
pressure, it will not break up along discernible lines — 
in scientific terms, it is said to display no cleavage. 


Diorite is an igheous rock that 
occurs in the Earth's crust 
as an intrusive rock, 
usually in large masses. 


ost diorite has a 
speckled black and 
white appearance, 

although rarely specimens are 

dark green or pinkish. It is a 

medium to coarse-grained rock, 

the individual grains being easy 
to see with the naked eye. 
Diorite is an igneous rock. 


Igneous rocks are divided into two main categories, A Detailed chemical analysis of this diorite specimen 
extrusive and intrusive. Extrusive igneous rock forms has shown that it contains a quantity of quartz (about 
where molten volcanic material has flowed out onto 10 per cent by volume), together with plagioclase 

the surface of the Earth and solidifed. feldspar, hornblende, biotite mica and hypersthene. 


Intrusive formation FACT FILE 


Intrusive igneous rocks are those which have solidified 


underground. Diorite is an intrusive igneous rock DIORITE 

which commonly forms in discordant layers (dykes) Type: Intrusive igneous rock 

running across the general direction of surrounding Essential components: Plagioclase feldspar, hornblende, quartz 
bedding layers. It may also occur in small structures Secondary components: Augite, biotite mica 

known as bosses and stocks. Colour: Mainly black and white, sometimes dark green or pinkish 


Texture: Equigranular or porphyritic 


Grain size: Medium to coarse 
Density: 3.1 


A Typical speckled diorite, showing areas of black, 
white and grey. 


> A magnified section of diorite showing crystals of 
plagioclase feldspar, hornblende and quartz. 


Intrusive igneous rock 


A Although diorites tend to have grains of roughly 
equal dimensions, some varieties contain layers of large 
spherical crystal masses. Generally known as orbicular 
diorites, specimens such as this from Corsica (France) 
are sometimes called corsite or napoleonite, after the 
Emperor Napoleon Bonaparte, who was born on this 
Mediterranean island. 


Mineral content 
Diorite is classified as an intermediate igneous rock. 
There are four categories of igneous rocks, based on 
the mineral content and especially the silica content 
of the rocks. Acid rocks contain over 65 per cent total 
silica; intermediate rocks 55—65 per cent total silica; 
basic rocks 45—55 per cent and ultrabasic rocks less 
than 45 per cent. 

The actual minerals in diorite which go to 
make its silica content are plagioclase feldspar and 
hornblende. Plagioclase is a pale coloured group of 
silicate minerals and in diorite is usually the variety 
oligoclase or andesine. Other minerals commonly 
found in the rock include quartz, biotite mica and 
the pyroxene mineral, augite. Diorite is chemically 
very similar to the lava andesite and the intrusive 
rock syenite, all being intermediate in composition. It 
is, however, different from these other intermediate 
igneous rocks in that it is of medium to coarse grain 
size. Andesite, a lava which cools rapidly, is fine- 
grained and syenite, having cooled very slowly in a 
major intrusion, is coarse-grained. 


The essential mineralogical constituents of diorite 
are hornblende (a complex aluminosilicate of 
calcium, magnesium and iron), the plagioclase 
feldspars, principally oligoclase or andesine, which 
usually occur in clearly defined zones. and quartz 
(silicon dioxide). 

The main accessory minerals in diorite are as 
follows: allanite (an epidote group silicate which 
contains the rare earth metals yttrium and cerium); 
augite (a silicate of calcium, magnesium and iron); 
biotite (a mica group silicate); ilmenite (iron titanium 
oxide); magnetite (an iron oxide of the spinel group); 
and titanite (a silicate of calcium and titanium). 


: 


; "Most diorite forms from crystallised magma, but 
some diorites are produced by chemical reactions 
between magma and pre-existent rocks such as 
gabbro. 

Diorites may be found in the following locations 
worldwide: Nuneaton (England); Esbo (Finland); 
Corsica (France); Saxony and Thuringia (Germany); the 
Ortler Alps (Italy); Laugendal (Norway); the Central 
Peruvian Batholith (Peru); Glen Fyne (Scotland); Orno 
(Sweden); California and Minnesota (USA). 
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ORIGINS and DISTRIBUTION Ç « 


Kimberlite rocks are the world's 
most important source of 
diamonds. They may also 
contain a form of garnet. 


imberlite is a dark igneous rock which is 

usually blue, greenish or black in colour. It is 

named after the district of Kimberley (South 
Africa), where it was first identified as a source of 
diamonds in the late 19th century. 

For thousands of years, most diamonds were 
extracted from secondary 
alluvial deposits, such as 
river gravels: the richest 
sources of this precious 
gemstone were India and 
later Brazil. 

However, once 
kimberlite was discovered 
in about 1870, South 
Africa soon overtook 
these countries as the 
world's main producer of 
both gem-quality and 


industrial diamonds. 


FACT FILE 
KIMBERLITE 


Type: Intrusive igneous rock 


Essential components: Olivine and 
phlogopite mica 


Secondary components: Pyroxenes, garnet 


Colour: Blue, greenish, black 


Texture: Brecciated or porphyritic 


Grain size: Coarse 
Density: 3.8 


» Now abandoned, the 
Big Hole in Kimberley 
(South Africa) was the 
world's largest source 

of diamond-bearing 
kimberlite. The excavation 
was 240m deep, with a 
circumference of 1600m. 


MINERALS PLUS 
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4 A large green diamond in kimberlite (South Africa). 


4 Kimberlite with porphyritic texture. 


Mineral composition 
Kimberlite is an ultrabasic 
igneous rock, containing less 
than 45 per cent total silica. It 
has a coarse-grained texture and 
is frequently brecciated, being 
made of many angular, broken 
fragments fused together. The 
main mineral is olivine, a silicate 
of magnesium and iron, which is 
often altered by serpentinisation. 


This is a process that alters rocks and minerals by the 
action of high-temperature fluids. 

Other minerals in kimberlite include phlogopite 
mica, spinel, ilmenite, garnets, pyroxenes and calcite 
(calcium carbonate). The rock frequently has a 
porphyritic texture and often contains xenoliths. 


Pipes and dykes 

Diamond-bearing kimberlite usually occurs in the 
form of pipes which are circular or more or less oval 
in cross section and become narrower with increasing 
depth. More rarely, kimberlite may occur in sheet- 
like layers called dykes, which form at discordant 
angles to surrounding rocks. Although kimberlite is 
richer in diamonds than any other rock, enormous 
quantities of worthless gangue material have to be 
processed to extract the rough diamonds. 


Cape ruby 

In addition to diamonds, kimberlite may also contain 
pyrope garnet. This mineral is often marketed as 
Cape ruby, but the trade name is confusing and 
inaccurate because pyrope is magnesium aluminium 
silicate, while genuine ruby is a precious form of red 
corundum (aluminium oxide). 


Xenoliths 

Kimberlite often contains rock fragments, some of 
which have been brought up in magma from deep 
inside the Earth's mantle. The scientific name for 
these inclusions is xenoliths, from the Greek words 
xenos, meaning ‘alien’ and /ithos, meaning ‘stone’. 


belonging to the mica and olivine groups. Micas 
include phlogopite, while the olivines are the 
fayalite-forsterite solid solution series. 

Although kimberlite contains only small quantities 
of diamond (carbon) and pyrope garnet (magnesium 
aluminium silicate), this rock remains the world’s 
most important source of both minerals. 

Kimberlite may also contain small amounts of the 
following minerals: calcite (calcium carbonate); 
chromite (iron chromium oxide); pyroxenes 
(complex silicates); perovskite (calcium titanium 
oxide); and rutile (titanium oxide). 


ORIGINS and DISTRIBUTION 


T he molten material from which kimberlite is 
formed is forced up from the Earth's mantle 
following lines of weakness in the crust. Here it 
cools and solidifies, typically into pipes which 
broaden out as they near the surface of the Earth. 
However, kimberlite remains a rare igneous rock. 
The world’s principal source is at Kimberley (South 
Africa). Elsewhere, kimberlite has been found in the 
following locations: the Kimberley region and Lake 
Argyle (Australia); Diamantina (Brazil); Ghana; Yakutia 
(Russia); Sierra Leone; the Iswisi Hills (Tanzania); 


Ithaca, New York (USA). 


Porphyritic texture 
Kimberlite is a dark 
igneous rock which 
typically has large crystals 
set within a finer-grained 
groundmass — these 
crystals are known as 
phenocrysts. Kimberlite 
and other rocks that have 
this texture are said to 

be porphyritic. 


Brecciated texture 
Kimberlites are also 
typically composed of 
numerous angular 
fragments set in a base 
(matrix) of finer-grained 
rock. This is known as a 
brecciated texture. 


< A specimen of greenish 
kimberlite. The rock 
contains olivine and 
phlogopite micas. 


D 


he mineral 


GROUNDWORK 


trail: Ecuador 


cuador is rich in natural 
E resources but sustained 

economic growth has only 
taken place since the 19705, 
when rich petroleum reserves 
started being fully exploited and 
replaced agriculture as the leading 
source of wealth. 


The lie of the land 
Ecuador comprises three 
geographical regions: the Sierra 
(a row of mountains which form 


> Mount Cotopaxi, the world's 
highest active volcano. 


The Republic of 
Ecuador straddles the 
Equator in northwest 
South America. 
(Ecuador is the Spanish 
word for 'Equator'.) 
The country is 
bordered in the north 
by Colombia, in the 
east and south by Peru 
and in the west by the 
Pacific Ocean. The 
third smallest country 
in South America, after 
Uruguay and Guyana, 
Ecuador occupies an 
area of 285,561 sq. km. 


A The Andes foothills in the east of Ecuador, between 
Tena and the capital, Quito. 


part of the Andes chain); the 100km-wide Pacific coastal 
plain; and the eastern jungle, a tropical rain forest which 
takes up about half of Ecuador' total land area. 

The highest point in Ecuador is Mount 
Chimborazo (6310m). At 5897m, Mount Cotopaxi 
is the world's highest active volcano. 

Also part of Ecuador are the Galapagos, an 
archipelago about 970km offshore in the Pacific. Many 


of the 19 islands there contain extinct volcanoes. 


Petroleum and gas 
Half of Ecuador's foreign earnings come from 
petroleum. Although it has been produced here since 
1917, it was only in the 1970s that it began to reach 
its full potential, and in 2007 production was 511,000 
barrels a day. The most important wells are in the 
northeastern jungle — from here, oil is pumped 
through a pipeline across the Andes to the Pacific port 
of Esmeraldas. 

There is also an abundance of natural gas, both 
in the northern jungle and offshore in the Gulf of 
Guayaquil. Production in 2005 was 249 million 
cubic metres. 


Other resources 

Ecuador has a thriving copper mining industry, in 
2004 producing 100 tonnes. The largest mine, in the 
Chaucha region, is Japanese-run. Among other natural 
resources found in small but significant quantities are 
coal, gold, iron ore, lead, molybdenum, rock salt 


GROUNDWORK) 


AA view of the Pacific Ocean from the countryside near 
the port of Esmeraldas. 


(halite), silver, sulphur and zinc. The Condor Cordillera 
region is thought to contain substantial deposits of 
gold, oil and uranium. However, this territory remains 
largely unexploited because of a dispute over its 
ownership between Ecuador and neighbouring Peru, 
which was not resolved until 1998. 


Glossary of 
geological terms 


Batholiths 

Batholiths are major igneous intrusions, usually 
of granitic rocks. Exposed batholiths may cover 
hundreds of square kilometres. Smaller batholiths 
are sometimes known as stocks. 


Bedding 

Bedding, or 
stratification, is a very 
common feature of 
sedimentary rocks. In a 
cross section through 
such rocks, as in a cliff 
or quarry face, the 
bedding can be seen as 
a series of parallel lines. 
These are the edges of 
bedding planes which 
represent the original 
surfaces of deposition 
of the sediment before 
it became rock. It is 
assumed that bedding 
planes, or strata, were 
formed horizontally 
and that tilting and 
folding of the bedding 


unit volume. It is generally expressed as gm/cc, or 

similar. Specific gravity (SG) is numerically the 

same as density, and is the weight of the substance 

compared to the weight of an equal volume of 

water. This calculation, therefore, also gives the 
density of the material. 
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Grain size 

Grain size refers to the average diameter 
of the mineral grains which comprise 
the parent rock. Some rocks have large 
crystals set in a groundmass. In these 
cases, only the tiny grains are taken 
into account: the large crystals are 
ignored. In the case of igneous rocks, 
for example, the three main categories 
are as follows: fine-grained rocks, in 
which the particles are generally smaller 
than can be seen by the naked eye (less 
than about 0.1 mm in diameter); 
medium-grained (0.1-2mm across), 

in which the minerals are recognisable 
to the naked eye, but difficult to 
identify; and course-grained rocks 
(over 2mm in diameter), the minerals 
of which are readily visible. The rocks 
with the largest diameter grains are 


planes has been caused 
by movements in 
the Earth's crust. 


A The bedding planes in these sandstones 
and shales have been tilted at a very 
steep angle by compression of the Earth's 


known as pegmatitic rocks. 


Igneous rocks 


m 


crust (Cornwall, England). 


Colour index 

The colour index system is used to categorise rocks 
and refers to the proportion of dark minerals they 
contain, on a scale of 0 to 100. Specimens are closely 
examined under high-powered microscopes and the 
volume percentages are accurate to within 1 per cent. 
Generally, the colour of a mineral gives a reliable clue 
to its specific gravity: light coloured minerals tend to 
be lighter in weight; darker minerals are usually 
heavier and contain dense metals, such as iron, 
calcium and magnesium. 


Density 
The density of any substance, as generally applied to 
minerals and rocks, is the mass of the substance per 


Igneous rocks are formed from magma 

or lava. Magma is molten rock below 
the Earth's surface, while rock that is molten on the 
surface is lava. Magma, which solidifies deep down 
in large masses (intrusions), cools slowly and forms 
rocks comprised of relatively large crystals (coarse 
grains). Rocks formed from lava have very small 
crystals (fine grains) as they cool rapidly. For more 
detailed information on igneous rocks, see The 


Story of the Earth 61. 


Intrusions 

Intrusions are features made by molten igneous 
rock below the Earth’s surface. The largest 
intrusions are called batholiths and may be many 
kilometres in extent. Common smaller intrusions 


Glossary of geological terms 


DISCOVERY. 


A Here a small, pink intrusion of granite cuts through 
metamorphic rocks. This is a dyke, as it does not follow 
structures in the older rocks (Guernsey, Channel Islands). 


are sills and dykes. Both are relatively thin sheets of 
igneous rock. Sills follow existing local rock structures 
and, for example, follow sedimentary bedding planes; 
they are thus said to be concordant intrusions. Dykes 
cut sharply across such structures and are called 
discordant intrusions. 


Metamorphic rocks 

Metamorphic rocks are those which have been 
changed from their original form by heat, pressure 
or a combination of both these forces. This usually 
happens at some depth in the Earth’s crust. For more 
information on metamorphic rocks, see The Story of 


the Earth 55. 


Sedimentary rocks 

These are rocks formed on the Earth's surface, 
often in environments which are familiar to us 
and by processes that are understood. An essential 
characteristic of virtually all sedimentary rocks is 
bedding or stratification. Sedimentary rocks are 


described in more detail in The Story of the Earth 53. 


Texture 

The texture of a rock refers to the size and shape of 
the grains or crystals of which it is composed and the 
relationship they have with each other. An igneous 
rock, for example, may have a coarse texture, meaning 
that the individual grains are more than 2mm in 
diameter. A common texture is a porphyritic texture. 
This is when there are large crystals set in a finer mass 
in an igneous rock. Sedimentary rocks may have a 
well-sorted texture, meaning that the individual grains 
are much the same size as each other. Metamorphic 
rocks vary in their grain size and also have a variety of 
other textures including porphyroblastic texture — 
when individual crystals of minerals such as garnet or 
pyrite are set into the rock matrix. 


Unconformity 
An unconformity is a ‘time gap’ in the geological 
record at a certain locality where the sequence of rocks 


contains a break. In such a location a relatively older 
series of rocks lies below a younger series and there 
are no strata representing events that occurred 
between them. This unconformity may be the result 
of non-deposition of rocks, or more usually is the 
result of erosion of rocks after the formation of the 
older series, before the younger series was formed. 


A The surface which separates the grey slate at 

the base of this cliff from the horizontal layers of 
sandstone above is an unconformity. It represents a 
time gap of many millions of years (Siccar Point, 
south-east Scotland). 


Xenoliths 

When igneous rocks form, the magma or lava often 
contains fragments of its country rock — the pre- 
formed rock adjacent to it. These are xenoliths 
(literally ‘stranger stones’) — masses of different 

rock caught up in the igneous rock. A large mass 

of granite will virtually always contain numerous 
xenoliths, especially around its margins. They appear 
as dark, rounded fragments in the crystalline granite, 
and may vary in size from a few millimetres to about 
a metre. Because of the original heat of the magma, 
xenoliths are often altered and metamorphosed. 


A The large dark areas in this exposure of diorite are 
xenoliths. These are masses of rock caught up in the 
magma when it was molten, deep underground (Herm, 
Channel Islands). 


DISCOVERY qe 


e Manganese nodules 


Certain parts of the deep ocean bed are littered with strange potato-shaped rocks. 
These nodules have been found to contain a variety of valuable metals and 
much effort has been made to try and recover them commercially. Many have been 
dredged to the surface and they have been analysed in detail, but commercial 
exploitation has, as yet, been too difficult and uneconomic. 


he physical appearance of 
these nodules, which 
contain primarily 


manganese, may vary according to 
the conditions prevailing locally 
on the sea bed, but they are 
typically shaped like potatoes and 
have soft, powdery insides. They 
vary in size, but most are about 
5cm in diameter. 

Manganese nodules are layered 
like onions around a central core 
or nucleus, which may be a grain 
of sand or a fish tooth. The 
chemical composition of these 

& nodules, however, is generally 
consistent. They typically contain 
up to 35 per cent of manganese 
plus nickel (up to 1.6 per cent), 
copper (1.2 per cent) and cobalt 
(1.0 per cent). 
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A This manganese 
nodule was 
recovered from a 
depth of over 4000m 
on the floor of the 
eastern North 
Pacific Ocean. The 
metallic content is 
43 per cent. 


4 Manganese 
nodules are found in 
clay such as this on 
the ocean floor. 


A A reddish brown manganese nodule with a rounded 
surface. This specimen was dredged from a depth of 
6000m in the North Pacific Ocean. 


Uncertain origin 

There are several theories about how manganese 
nodules are formed. One idea is that the chemicals 
they contain are derived from hot gas and water 
which percolate from the seabed and are then 
precipitated around the nucleus. Another is that 
the manganese in the nodules is accreted from tiny 
quantities of the metal that are present in all sea 


DISCOVERY, . 


4 In addition to 
manganese, this nodule 
contains more than 1 per 
cent of both copper and 
nickel. It was recovered 
from the floor of the 
North Pacific Ocean, 
which contains one of 
the world's richest 
manganese deposits. 


v A view of the inside of a manganese nodule 
measuring 7cm across. 


water. One of the greatest unsolved mysteries of 
manganese nodules is why they are always found on 
the ocean floor, never beneath it. 

Some of the manganese deposits on the seabed are 
vast. It is estimated that the Pacific Ocean between 
Hawaii and California (USA) contains 15 billion 


tonnes of the metal. 
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GEMSTONES 


The finest specimens of 

moonstone have a shimmer 

that reminded ancient people 
of the shining Moon. 


oonstone is the popular name for 
M colourless or milky white shimmering 
specimens of orthoclase feldspar. 
Large examples of workable quality are rare. 
The distinguishing feature of all moonstone is 
its shimmer. 
Although moonstone is characterised by its 
distinctive shimmer, the exact nature of this E EPEN i ; «4 Adularia, of 
may vary widely from specimen to specimen. à á aie a hue a which moonstone 
The appearance of some moonstones is | Iw t is a variety. This 
reminiscent of opal: this effect is known € i specimen is in the 
as opalescence. ec form of prismatic 
The shimmering of moonstone is known as m b crystals in the 
schiller: the term comes from an old German i mw wu monoclinic system. 
word meaning ‘to blink’ or ‘to twinkle’. 
These optical effects are caused by the reflection 
of light within the moonstone’s internal structure, 
which contains intergrowths of orthoclase feldspar 


and albite. i n "T UTION 


Orthoclase feldspar, of which 
moonstone is a variety, occurs in 
igneous and metamorphic rocks, 
and occasionally as detrital grains 
in some sedimentary rocks. In 
igneous rocks, moonstone is 
generally found in coarse-grained 
granites and pegmatites. It also 
occurs in coarse-grained 
metamorphic rocks such as gneiss. 
The world’s most important 
sources of moonstone are found 
in the gravels and pegmatites 
of Sri Lanka's Dumbara District: 
nearly all commercial.specimens 
originate from this region. Among 
the other moonstone-producing 
countries are Ausralia, Brazil, India, 
Madagascar, Mexico, Myanmar 
(Burma), Norway, Tanzania and 
the USA. 
A Orthoclase, the mineral of which moonstone is a shimmering variety. 


A White adularia (of which 


moonstone is a variety) 
with black hematite 
(Isle of Elba, Italy). 


<4 Three beautiful 
moonstones from the 
Indian subcontinent 


Adularia 
Moonstone is a variety of adularia, which itself is a 
form of orthoclase feldspar, a common rock-forming 
silicate mineral found in many igneous rocks, 
especially those of acid composition (those 
containing more than 55 per cent total silica). 
Orthoclase is a silicate of potassium and aluminium. 

Moonstone owes its shimmering nature to an 
intergrowth within its structure of albite, a form of 
plagioclase feldspar, and adularia. This intergrowth 
of these two feldspars sometimes occurs on a bigger 
scale and produces a rock called perthite. In 
moonstone the term ‘microperthitic’ is used to 
describe the intergrowth, which is often on a 
microscopic scale. 

Some forms of albite can have exactly the same 
optical characteristics as adularia moonstone. 

Gem-quality specimens of moonstone may be 
cut into smooth, domed cabochons, made into 
ornaments or, more rarely, cameos. 


History 

Moonstone was particularly popular with ancient 
Moon worshippers. However, some historians 
have suggested that what early civilisations called 
moonstone was probably selenite, the transparent 
form of gypsum. 


FACT FILE 
MOONSTONE 


Group: Silicates 

Crystal system: Monoclinic 
Chemical formula: KAISi;0; 
Hardness: 6-6% 

Density: 2.5-2.6 

Cleavage: Perfect 

Fracture: Conchoidal to uneven 
Colour: Colourless, milky white 
Streak: White 

Lustre: Vitreous 


Fluorescence: None 


CHARACTERISTICS 


Moonstone is a member of the silicate group of 
minerals. It is made up of the metallic elements 
potassium and aluminium, together with the 
non-metals silicon and oxygen. 

Crystals of moonstone conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any 
other. Large, workable crystals are rare, and 
moonstone typically appears in massive habit 
(with no particular shape). 

If moonstone is subjected to pressure, it will 
break off cleanly along its weakest planes: in 
scientific terms, it is said to display perfect cleavage. 

Moonstone scores 6-6% on the Mohs Scale 
of hardness: a steel blade will not leave a mark, 
although a file may scratch it. In turn, moonstone 
can scratch glass with ease. 


Glauconite is a potassium-rich 
mica silicate that forms in 
sedimentary rocks. 


lauconite is green, bluish green or 

yellowish green. Its name is derived 

from the Greek word glaukos, meaning 
"bluish-green'. 

Glauconite is a hydrous silicate of 
potassium, sodium, aluminium, iron and 
magnesium that is formed in sea water (marine 
environments). The land-formed (continental) 
equivalent of glauconite is celadonite, another 
complex silicate of the mica group. 

Glauconite is a useful mineral to geologists for 
two main reasons. Because it is known to occur in 
sediments being deposited at the present time on 
the sea bed, it can be suggested with a fair degree of 
certainty that sedimentary rocks containing glauconite, 
formed millions of years ago, were also deposited in a 
marine environment. This is very helpful to geologists 
trying to reconstruct the environment in which 
sedimentary rocks have been formed. 


> Aggregates of glauconite in sedimentary rock 
(Kent, England). 


v Sandstone coloured yellowish green by glauconite. 


LÀ 


A Greenish glauconite in 
quartzite rock (Kent, England). 
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MINERALS 


ENS Radiometric dating 
o When trying to work out the absolute age of a rock S ET aia 
e the technique of radiometric dating is employed. _ Glauconite is a member of the silicate group of | 
von This considers the rate of breakdown of radioactive . minerals. Each molecule is composed of one atom | 
E elements in rocks. Igneous rocks give the most each of potassium and sodium, two atoms of iron, 
T | accurate results because the minerals in them (which aluminium and magnesium, four atoms of silicon and 
- contain the useful radioactive elements) form in the aluminium, 10 atoms of oxygen and two hydroxyl 
4 rock as the magma or lava solidifies on cooling. radicals (chemical formula OH). 
5 | The age dating of sedimentary rocks is not usually Crystals of glauconite conform to the monoclinic 
o very successful because the minerals in these rocks are system of symmetry, in which no crystallographic 
IS often derived from older, pre-formed rocks. However, axis is the same length as any other. They usually 
"e i glauconite, which contains the radioactive mineral occur in rounded aggregates or tiny grains scattered 
potassium, can be used for absolute dating because throughout the rock. 


| glauconite forms in the sedimentary rock when it is — = 


being deposited. — 
ORIGINS and DISTRIBUTION 4 


-"Glauconite is found in sedimentary rocks of various 
kinds, particularly sandstone, siltstone, shale and 
impure limestone. Its greenish colour has led to the 
term 'greensand' being used for some sandstones 
rich in this mineral. Glauconite forms in relatively 
shallow sea water, at low temperatures and 
pressures. 

Glauconite is found in the following locations 
worldwide: Australia; Kent (England); the Pas de 
Calais (France); India; New Zealand; and along the 

Baltic coast of Poland, Russia and Sweden. In the USA, 

there is abundant glauconite 

in Arizona, California, 

Colorado, Minnesota, 

Mississippi, Missouri, 

New Jersey, 

Pennsylvania, South 

Dakota, Utah, 

washington 
and Wyoming. 


Tests 

Glauconite melts (fuses) with difficulty when 
placed in an open flame, and gives off water 
when heated in a closed test tube. Glauconite 
dissolves in hydrochloric acid. 


FACT FILE _ 


GLAUCONITE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: (K,Na)(Fe,Al,Mg),(Si,Al),01o(0H)> 
Hardness: 2 

Density: 2.40—2.95 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, bluish green, 
yellowish green 


Streak: Greenish 


Lustre: Glistening or dull 


Fluorescence: None 


> The quartz grains in this sandstone 
are cemented together by glauconite 
(Kent, England). 


<4 Glauconite sandstone, 
a sedimentary rock 
characterised by an 
abundance of tiny grains 
of glauconite. Deposits 
may become oxidised to 
form a reddish brown 
iron ore. 


Travertine 
is a form of 
%3 limestone that 
sometimes contains 
fossils. It is a sedimentary 
rock of non-marine origin. 


ravertine is usually pale 

brown, white, pinkish or 

yellowish, and often has 
a distinctive banded appearance. 
'The name derives from the Latin 
lapis tiburtinus, meaning 'stone 
from Tibur (present-day Tivoli, a 
town and district in Italy to the 
east of Rome). Travertine is 
alternatively known as calc-sinter. 

Like all forms of limestone, 

travertine is composed principally 
of the mineral calcite. The reddish 
bands running through some 
deposits are stains caused by 
varying amounts of iron oxide. 
Travertine is similar to tufa, 
another variety of limestone. 


TRAVERTINE 


Type: Chemical sedimentary rock 


Essential component: Calcite 


Secondary components: Iron oxides, 
especially limonite 


Colour: Brown, white, pinkish, yellowish, 
sometimes with reddish bands 


Texture: Equigranular 


Structure: Concentric rings; stalactites 
and stalagmites; unbedded 


Grain size: Fine 
Density: 2.6 


Chemical origin 

‘Travertine is a chemical sedimentary rock formed by 
the evaporation of river and spring waters containing 
dissolved calcium bicarbonate. It is often associated 
with hot springs, and also forms stalagmites and 
stalactites in limestone caves. 


AA Brown travertine 
with clearly visible 
traces of fossilised 
plant matter, especially 
leaves. 


A The hot water springs 
at Pamukkale (Turkey), 
where a layered 
waterfall of travertine 
has formed. 


‘Sedimentary rock 


v These travertine terraces have been built up by hot 
waters rich in calcium bicarbonate (Yellowstone 
National Park, Wyoming, USA). 


The essential Cof Deridnit of travertine is calcium 
carbonate (chemical formula CaCO;): most of this 
occurs in the form of the mineral calcite, but 
aragonite is also found in some deposits. 
An accessory mineral sometimes found in 
travertine is limonite. This hydrated iron oxide 
is responsible for any yellow coloration: in some 
deposits, high concentrations of limonite may 
give the rock a distinctive yellow or orange 
banded appearance. 
| Some travertines contain fossils, especially those 
of plants. 

The chemical and physical properties of travertine 
are very similar to those of tufa, and the two types 
are often classified together. The key difference 
between them is their porosity - tufa is a sponge- 
like sedimentary rock, while travertine is fairly 
compact and non-absorbent. 


4 Lake Nemi, near Rome 
(Italy). The surrounding 
rock strata are rich in 
travertine. 


v Travertine containing 
numerous fossilised 
mollusc shells, which 

are visible on the surface 
of the specimen. 
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Building stone 

Travertine is light coloured and will take a good 
polish. These properties make it suitable for interior 
decorations and sometimes the external walls of 
buildings — notably, the Colosseum in Rome (Italy). 
It is also used to make polished slabs and a range of 
ornamental objects. 


t ough the evaporation of waters rich in calcium 
bicarbonate. It is found principally in limestone 
caves, around geysers and near hot and cold 
water springs. 

Travertine is found in many parts of the world, 
including Auvergne (France); Val d'Aosta, along the 
banks of the Aniene River, near Rome and in Tuscany 


(Italy); and Pamukkale (Turkey). 

In the USA, there are significant travertine 
deposits in Nevada and magnificent stalagmites and 
stalactites in the Carlsbad Caverns (New Mexico). In 


Wyoming, abundant travertine is found at Dubois 
and around the Mammoth HotSpringsin — — 
Yellowstone National Park. e 
In the British Isles, travertine may. be seen in the 
limestone caves of the north Pennines and the 


Jurassic limestones of Yorkshire (England). _ 
i i dE n 
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mineral 
trail: South Korea 


South Korea ws waa j 
occupies the GEOGRAPHICAL Ak 
southern part 

of the Korean 

peninsula in east 

Asia. It is situated 

193km northwest 

of the Japanese 

islands of Honshu 

and Kyushu, and 

includes Cheju 

Island, which lies 

97km south of 

the peninsula. The 

country is about 

480km 

long and 

217km 

wide and 

occupies 

an area Dee 

of 99,274 sq. km. 

It is bordered in the north by North 
Korea, in the east by the Sea of Japan, 
in the south by the Korea Strait and in 
the west by the Yellow Sea. 


LE 


r | 'Í he name Korea may be roughly translated 
as ‘land of high mountains and sparkling 
streams’, and this is an apt description of 

the rugged terrain which dominates the landscape 

on both sides of the 38th Parallel north. This was 
the dividing line agreed between South and North 

Korea when the formerly unified country was 

partitioned in 1953 after the end of the 

Korean War. 


> A range of peaks in the Taebaek Mountains, one 
of South Korea's two main ranges. 


South Korea 


On the mineral tra 


A Waterways between 
the Taebaek and Sobaek 
mountains. 


Almost three-quarters 
of South Korea comprises 
mountains and uplands. 
The Taebaek Mountains 
along the east coast give 
way in the south to lower 
mountain ranges. The 
highest point in the 
country is Mount Halla 
(1950m), an extinct 
volcano on Cheju Island. 

The country's other 
main range, the Sobaek 
Mountains, branches 
southwards from the 
Taebaek and together 
these chains form the 
great watershed of South 
Korea. Both ranges comprise mainly igneous and 
metamorphic rocks. 


Natural resources 

Many of South Korea’s most valuable natural 
resources are concentrated in the two mountain 
regions — these include native copper and gold. 
However, neither of these is abundant, and in the 
1980s the country's greatest resource was anthracite 
coal, which was mined mainly in the northeast and 
near the west coast. In 1988 producion peaked at 


4 Wooded terrain high in the Sobaek mountain range. 


24.3 million tonnes, but by 2005 it had shrunk to 
2.8 million tonnes, due to the closure of uneconomic 
pits. Today most of South Korea’s coal is imported. 


Other resout 

Two of South Korea's most important natural 
resources are iron ore and tungsten. Zinc is also e 
produced in small mines scattered throughout the 

country. The most important non-metallic minerals 

are graphite, kaolinite (a source of china clay) 

and talc. 
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Human-made 
masterpieces 


Since earliest times, 
craftsmen and women 
have carved monuments 
and statues from rock. 
The exact purpose of the 
earliest masterpieces is 
unknown, although some 
are thought to have been 
carved for religious 
reasons. Here we take a 
brief look at some of the 
world's greatest rock- 
based artefacts. 


any of the earliest 
surviving monuments 
are so old that they are 


impossible to date with any degree 
of certainty. The great standing 
stones at Stonehenge (England) and 
the menhirs of Brittany (France), for 
example, are thought to have been 
erected during the Bronze Age 
around 4000 BC, but archaeologists 
cannot be sure exactly when. 


Pyramids and Sphinx 

The pyramids at Giza (Egypt) were 
built as royal burial chambers in 
about 2500 Bc. The largest of these 
— the Great Pyramid — measures 
230m along each side of its base; it 
stands 147m high and slopes from 
base to apex at an angle of about 
51°. The pyramids were originally 


4 The pyramids at Giza (Egypt). A few remaining stones of the old outer 
casing are still visible near the apex. 


à The Great Sphinx at Giza (Egypt). A sphinx is a mythical beast with the 
head of a human and the body of a lion. 


encased in smooth, white limestone, but these outer weighing more than two tonnes. Some of the stones in 


layers have largely been stripped by looters and 


souvenir hunters. 


the internal walls weigh as much as 16 tonnes. 
To the south of the pyramids is the Great Sphinx. 


The now visible inner cores of the pyramids and Carved out of a knoll of rock, it is about 73m long, 
the inner burial chambers are made of huges slabs of 20m high and has the facial features of an Egyptian 
yellowish limestone and granite. In total, each pyramid king, thought to be King Khafre (2575—2465 Bc), on 
contains approximately 2,300,000 blocks, each one the body of a lion. 
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Human-made masterpieces 


The Parthenon 
Built between about 447 and 438 BC on the hill of the 
Acropolis in Athens (Greece), the Parthenon is the chief 


temple of the goddess Athena. Some 69.5m long and 
nearly 31 m wide, it is made of white marble from the 
Greek island of Paros. Magnificently decorated, some 
of its finest sculptures (the so-called Elgin Marbles) 
were removed and brought to the British Museum in 
London (England) between 1802 and 1812. 


Venus de Milo 

Lost for nearly 2000 years, the white marble Venus 

de Milo is an ancient statue of the goddess Aphrodite 
which was carved by a sculptor from Antioch (present- 
day Turkey) in about 150 Bc. Rediscovered on the 
Aegean island of Melos in 1820, it is now displayed in 
the Louvre Museum, Paris (France). 


Easter Island 
Easter Island is a volcanic island formed from 
underwater eruptions. It lies in the Pacific Ocean, 
some 3600km west of Chile, to which it belongs. 
Probably erected between 1000 and 1600 AD, the 
Easter Island statues are more recent than any of the 
above masterpieces, but their purpose is shrouded in 
mystery deeper than that surrounding the earliest 
Bronze Age monuments. The carvings, which stand 
between three and 12m high, are carved from tuff, a 
soft volcanic stone. 


» The Venus de Milo, which was sculpted from white 
marble in the second century Bc. The composition is 
derived from a style that had been popular in Corinth 
(Greece) in the fourth century BC. 


4 The Parthenon in Athens (Greece). 


v Statues on Easter Island. Although anthropologists 
have developed many elaborate theories about the 
purpose of these statues, no one is certain whom they 
represent or why they were constructed. 


DISCOVERY 19 


A Batholiths 


Batholiths are large masses of igneous rock, often granite, 
which have formed from intrusions of magma. Batholiths may be 
completely hidden beneath the surface or partially exposed by 
the erosion of less resistant overlying rocks. 


categories. Depending on the way they were 

formed, they may be either extrusive or intrusive 
in origin. Batholiths are a major form of intrusive 
igneous rock. 


[5 rocks can be divided into two main 


Molten magma 

Intrusive igneous rocks (igneous intrusions) are 
created from molten magma which has worked its 
way upwards from the Earth's lower crust and upper 


A A granite batholith in the Midwest (USA). This hill is 
one of several similar exposures in the region, and 
geologists believe that they may all be connected deep 
beneath the surface by an unbroken chain of granite. 


mantle and seeped into overlying and surrounding 
rocks. The extent of these intrusions may vary 
enormously — from one or two millimetres to 
thousands of kilometres in diameter. The largest 
are known as batholiths. 


Displaced rocks 

The invasion of the Earth's upper crust by molten 
magma raises an important question: what happens to 
the rocks that have been displaced by this powerful 


Y Almost the whole of Cornwall (England) is underpinned 
by a great granite outcrop called the Cornubian 
batholith. This relief map of the peninsula was 
constructed by the Natural History Museum (London). 
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Batholiths 


upthrust? Geologists believe that 
some rocks are altered by the gradual 
infiltration of granite magma. This 
process — which is known as stoping — 
eventually assimilates all the pre- 
existent rocks and converts them into 
more granite. 


Orogenic belts 
Batholiths are the most extensive of all 
intrusive igneous rock structures, and 
the most remarkable examples lie 
beneath some of the world's greatest 
mountain zones (orogenic belts); for 
example, the Andes mountain chain, 
which extends almost the entire length 
of the South American continent. 
Smaller batholiths, which are 
sometimes known as bosses or stocks, 
produce characteristic rounded hills. They are found 
particularly in areas where the surrounding rock is less 
resistant than granite and is gradually worn away to 
expose the batholith. 


Batholithic rocks 
Because they form as very large masses of igneous rock 
deep below the Earth surface, batholiths are made of 
coarse-grained igneous rocks. The minerals in these 
rocks have had a very long time to crystallise and 
so develop well. It has been calculated that some 
batholiths may take many tens of millions of years 
to fully cool and solidify. 

Granite is probably the commonest rock to be 
found in a batholith. If cooling is very slow, pegmatite 
will occur when the crystals in the rock are of 


4 The west face of Haytor on 
Dartmoor, Devon (England). 
This exposure of granite shows 
the characteristic jointing of 
the rock, probably resulting 
from shrinkage when the 
magma was cooling. The 
granite here has a porphyritic 
texture (see Discovery 155), 
with large white phenocrysts 
of feldspar that are set in the 
otherwise even-grained rock. 


v This deep U-shaped valley 
and the half-dome batholith 
(centre) have been exposed 
on the surface of the Earth 
over millions of years by 
glaciers which have eroded 
the less resistant surrounding 
rock (Yosemite National Park, 
California, USA). 


exceptional size. Some batholith intrusions 

are composed of granodiorite, a rock with an 
intermediate mineral composition, though with many 
features of granite, such as much feldspar, biotite mica 
and quartz. 

Xenoliths (inclusions) are common, especially 
around the margins of batholiths, and these are 
evidence for the idea that granite magma at least partly 
melts its way into existing rocks. 

Batholiths were once thought to be bottomless (in 
the sense that they extended right down to the lowest 
part of the crust, even into the mantle), but geologists 
now believe that batholiths do have floors somewhere 
within the upper crust, a conclusion reached partly by 
studying the path through the Earth of shock waves 
from controlled explosions. 


ron ores 


More than 1500 million tonnes of iron ore 
are mined each year worldwide for use 
in industry. The exact composition of 
these ores varies considerably, but they 
all contain iron-bearing minerals such as 
goethite, hematite and magnetite. 


compounds quite easily with numerous other 

elements, and this helps to explain why the 
Earth's crust is so rich in its ores. 

Unlike most chemical elements, which occur in 
one form only, there are two different types of iron. 
These two types — which are known as ferrous iron 
and ferric iron — behave in different ways when they 
come into contact with water and atmospheric gases. 


Í ron is a highly adaptable metal, forming 


Ferric iron ores 

Many ores of ferric iron are products of weathering 
which are then transported and re-deposited in the 
pore spaces (spaces containing water or air) between 
grains of sediment. Compounds containing ferric 
iron tend to be fairly insoluble in water. 


Ferrous varieties 

The rich red and yellow colours of many rocks 
throughout the world are caused by the presence of 
hematite and limonite. These minerals are oxides of 
ferrous iron — the form of iron that combines more 


DISCOVERY 167 


A This banded iron ore from Western Australia is high- 
grade, and large deposits are very valuable for industry. 
Note how the dark layers of iron oxide alternate with 
pinkish bands of sedimentary chert. 


A A Iron is extracted from its ores by smelting in 
industrial plants such as this one at Redcar, Teesside 
(England). The clouds of iron ore dust that are thrown 
into the sky are a major cause of pollution. 
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easily with oxygen and is more readily carried 
in solution. 
Scientists believe that most ferrous iron deposits 


were formed at a time when there was less oxygen in 
the atmosphere than there is today. 


Different types 

Ferrous and ferric iron ore deposits are generally 
divided into several types, including banded, oolitic 
and igneous. 

Banded iron ores owe their distinctive structure 
to alternating layers of iron oxides or iron carbonates 
and silica, often in the form of chert. They were 
probably formed in shallow water at a time when 
the higher concentrations of carbon dioxide in the 
atmosphere and the higher levels of acid in water 
enabled iron compounds to be transported in 
solution more easily than is possible today. Banded 
ores are among the most important industrial 
sources of iron, and some of the richest deposits are 
found in Western Australia, Labrador (Canada) and 
along the shores of Lake Superior (USA). 


Oolitic and igneous 
Oolitic iron ores contain tiny rounded particles of 
calcite and are sometimes rich in fossils. They bear 
the external characteristics of limestone, but also 
contain between 28 and 35 per cent iron. At 
Wabana, Newfoundland (Canada), there are 
oolitic ores containing up to 50 per cent iron. 
Rich deposits of magnetic iron ore, which are 
composed largely of magnetite, may be formed in 
igneous rocks through the cooling of magma. 
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< Oolitic iron ore with 
small fossils clearly visible 
(Yorkshire, England). This 
specimen is typical of iron 
ores that have originated 
in shallow marine 
environments. 


v Y Magnetite, a very high 
grade of iron ore which is 
found in igneous rocks 
(Sweden). 


v Bedded iron ore (Sierra 
Leone). Most of the iron 
ore in this specimen is 
hematite. 
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! MINERALS 


Magnesit 


Magnesite is a very valuable mineral as it is 
an important source of magnesium, which 
has many industrial and medicinal uses. 


agnesite is a source of magnesium, which 

is used in disinfectants, jet engine parts, 

fireworks, car bodies and bicycle frames as 
well as in many types of medicine. 


Magnesite and its uses 

Magnesite is a carbonate of magnesium. It is generally 
pale coloured, being white, grey or yellowish; it can 
also be brownish or colourless. It forms crystals 
that are classified in the trigonal system 

of symmetry; they are usually 

rhombohedral in habit. However, 

crystals are rare. More usually, 

magnesite occurs as shapeless 

specimens (massive habit). It is a 

relatively soft mineral and can easily 

be marked by a steel knife blade, as 

its hardness is only 3% to 4% on the 

Mohs Scale. 

It has been estimated that there are over two billion 
tonnes of magnesite ores in workable reserves. The 
mineral has many industrial uses, apart from those 
of magnesium, which it contains. It is used to make 
refractory bricks, which are used for lining furnaces 


CHARACTERISTICS 


Magnesite is a member of the carbonate group of 
minerals. It is magnesium carbonate (MgCO;) and 
contains about 29 per cent of the metal magnesium. 

Crystals of magnesite are rare; those that 
occur belong to the trigonal system of symmetry. 
Usually the crystals form as rhombohedra, but very 
rarely prismatic and tabular crystals are found. The 
common habit of magnesite is as shapeless (massive) 
forms, and it may also occur as fibrous, granular or 
lamellar specimens. 

It is a pale coloured mineral, often being white, 
but it can be grey, yellowish, brownish or colourless. 
Magnesite has perfect cleavage and a conchoidal 
fracture. With a hardness of 3% to 44 on the Mohs 
Scale, it is a relatively soft mineral. It has a density of 
3.0, slightly higher than average. 


A Crystals of magnesite 
on quartz from Sondrio in Italy. 


and insulating industrial boilers, as they can 
withstand high temperatures. Magnesite is also used 
in medicines: it is a source of Epsom salts, which are 
used mainly as a laxative. Magnesia (MgO) is made 


A Magnesite crystals on the mineral chalcedony. 
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by heating magnesite; this is added to cattle feed to 
provide mineral supplements and is also used for 
bulking plastics. 


Magnesium 
Magnesium is obtained from both dolomite (calcium 
magnesium carbonate) and from magnesite. Over 10 
million tonnes of these minerals are mined each year 
in regions including China, Turkey, Russia, Greece 
and North Korea. However, the greatest reserve of 
magnesium is in the oceans, where over a million 
billion tonnes exist in solution. 

Magnesium was first recognised as an element 
in 1755 by Joseph Black in Edinburgh, Scotland, 
but it was not until 1831 that a reasonable amount 
of magnesium was produced by the French chemist 
Antoine-Alexandre-Brutus Bussy. 


Abundant element 
Magnesium is the eighth most abundant element in 
the Earth's crust. It is essential for the healthy growth 
and development of living organisms. 

The metal is usually alloyed with about 10 per 
cent aluminium, with smaller amounts of manganese 
and zinc. These elements improve its resistance to 


FACT FILE 
MAGNESITE 


Group: Carbonates 
Crystal system: Trigonal 
Chemical formula: MgCO; 
Hardness: 3/47 

Density: 3 

Cleavage: Perfect 
Fracture: Conchoidal 
Colour: Colourless, white, grey, 
yellowish, brownish 
Streak: White 

Lustre: Vitreous or dull 
Fluorescence: None 


of magnesite in 


from Baia in Brazil. 


Y Lens-shaped 
(lenticular) crystals 
of magnesite from 
Sondrio in Italy. 


> Brownish crystals 


rhombohedral form 


corrosion. Over half the magnesium produced like 
this is used for lightweight engineering and ends 

up as car and aircraft bodies (it is preferable to steel 
because of its much lighter weight). This property also 
makes it useful in the manufacture of lightweight cycle 
frames (which are cast in a single piece), power tools, 
lawnmowers and cameras. Magnesium is easy to 
recycle from these products. 

Small amounts of magnesium are added to molten 
steel during its production to remove impurities such 
as sulphur. It is also used as a mordant (fixer) in the 
dye industry and to render plastics less of a fire hazard. 


Magnesite is quite common and 

of geological environments. The great masses of 
magnesite that are exploited industrially are formed 
during the alteration of volcanic olivine or 
serpentine rocks by waters that carry carbon 
dioxide. Other deposits form when calcium is 
replaced by magnesium in limestone, and from the 
precipitation of magnesium-rich waters that have 
reacted with common salt (sodium chloride). 

The best magnesite crystals are found in 
hydrothermal veins and in certain pegmatites 
(igneous rocks). Commercially exploitable deposits 
of magnesium are found in the Zillertal Alps of 
Austria, on the Greek Island of Evvoia (Euboea), in 
various parts of italy, in Silesia (Poland) and Nevada 
(USA). The fine crystals prized by mineralogists are 
found at Serra das Eguas, Bahia and Bom Jesus dos 
Meiras (Brazil). 


Andesite is an intermediate 


igneous rock that forms in many 


of the world's volcanic regions. 


ndesite is often grey, but it may also be brown, 


greenish or purplish. Although it is named 
after the Andes Mountains in South America, 
it occurs in substantial quantities in many other parts 
of the world. 
Andesite is a widespread rock, found especially 
in continental land masses. With the closely related 
dacite, andesite also forms chains of volcanic islands 
(notably around the Pacific Rim) and mountains that 
lie close to the edges of continents (especially the 
Andes range along the west coast of South America). 


A A panoramic view over the Andes near Ouro (Bolivia). 


This chain of high mountain peaks - which extends 
almost the entire length of the South American 
continent - is composed mainly of andesite rocks and, 
indeed, gave them their name. 


ANDESITE 


Type: Extrusive igneous rock 


Essential components: Plagioclase feldspar, ferromagnesian 
minerals 


Secondary components: lImenite, pyroxenes, quartz 
Colour: Grey, brown, greenish, purplish 
Texture: Fine-grained, often porphyritic 


Grain size: Fine 
Density: 2.4-2.8 
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A This typical grey specimen of andesite was found 
in the Solomon Islands, which lie in the Pacific Ocean 
to the east of Papua New Guinea. 


Em ii (ness eet ug aS 
Andesite isa widespread igneous rock. It is formed 
from molten lava that has erupted onto the surface 
of the Earth, and it is therefore classified as an 
extrusive igneous rock. 

Although andesite commonly occurs on the 
Earth's surface as lava flows, it may also form as 
sheets that cut across the bedding or structural 
planes of the host rock: in scientific terms, these 
sheets are known as discordant structures or dykes. 

The most important sources of andesite are in the 
Andes Mountains (South America). Around the Pacific 
Rim is the Andesite Line, which separates the basaltic 
ocean floor from continental rocks. This line is 
known to run around the ocean's edge from Alaska 
(USA), via Japan, to New Zealand; it probably also 
follows the west coasts of North and South America, 
and may run along the Pacific north of Antarctica. 

Andesite also forms in plate tectonic zones 
where oceanic crust is pushed down into the 
Earth (subducted) and is produced by the following 
volcanoes: Fuji Japan); Hood (Oregon, USA); Krakatoa 
(Indonesia); Pelée (Martinique); Popocatepetl (Mexico); 
Shasta (California, USA); Soufriére (St Vincent). 

There are well-developed andesites in the 
following countries and regions: Canada; Costa 
Rica; Cumbria (England); Eifel (Germany); Guatemala; 
Indonesia; Iran; Japan; Martinique; Mexico; the 
Carpathian Mountains (Romania); Turkey; and the 


Colorado Plateau (USA). | 
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Orogenic zones 

Indeed, andesite is the most characteristic volcanic 
rock in mountain-building regions (orogenic zones) 
the world over. It is not, however, the most abundant 
volcanic rock: this distinction goes to basalt, which is 
found underneath all the world's oceans and also on 
the Moon. 


Colour index 

In many ways, andesite and basalt are very similar 
rocks. The crucial difference between them is their 
colour: basalt always scores more than 35 on the 
colour index of igneous rocks, whereas the paler 
andesite is always lower than 35. 


Extrusive igneous rock 


Building stone 

Andesite is highly weather-resistant and a good 
building material. However, it is used only close to the 
locations in which it occurs. This is because the cost of 
transporting it would be greater than any profit made 
from its subsequent sale: it is thus said to have a high 
place value. 


> A microscope cross section through a typical 
specimen of andesite. The large, transparent crystals 
are plagioclase feldspar (an essential component of all 
andesites); the surrounding dark areas are mainly glass. 


4 This wall of andesite was constructed 9 
by the Incas (Cuzco, Peru). Andesite is 
used as a building material only close 

to the places where it occurs: it is 

uneconomical to transport it over long 

distances and it is therefore said to have 

a high place value. 


asd 


Andesite is an extrusive igneous rock formed by the 
eruption of volcanoes. It is a fine-grained rock, with 
its constituent crystals measuring less than 0.5mm in 
diameter. Even with a 10x hand lens it is difficult to 
see such crystals. 

Commonly, andesite is a porphyritic rock with 
phenocrysts (relatively large crystals) set into a | 
finer-grained groundmass. This porphyritic texture | 
indicates that the lava underwent two stages of | 
cooling and crystallisation. The larger phenocrysts 
formed first and then the fine-grained rock formed 
around them. 

The principal accessory minerals found in 
andesite are ilmenite (iron titanium oxide); 
magnetite (an oxide of iron); pyroxenes (a group of 
silicates); and quartz (silicon dioxide). Other minerals 
that may appear in andesites are the silicate olivine 
and the feldspars orthoclase and anorthoclase. 
Andesite may also contain fragments of glass. | 


Marbl 


Marble is a crystalline 
carbonate rock formed by the 
metamorphism of limestone. 


or red. Its name derives from the 
Greek marmairein, meaning ‘to sparkle’. 

Marble forms through the metamorphism 
of limestone or dolomite and may contain as much 
as 95 per cent calcite. It is an excellent raw material 
for sculpture. 

Marble is distinguished from limestone (its non- 
metamorphosed equivalent) because metamorphism 
has recrystallised it and removed fossils and the 
original sedimentary characteristics of the limestone. 


arble is usually white or grey but may also £ 
be veined with grey, green, blue, pink udi í 


Building material 

Marble is one of the world’s most important building 
materials. It is used particularly in the construction of 
imposing, monumental edifices, and may be used in 
both rough form and polished slabs. 
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A Despite the presence of 
numerous grey crystals, 
this rock is generally 
described as pink marble. 


> A decorative panel 
with marble inlay, from a 
church in Naples (Italy). 


4 The magnificent pink 
marble exterior of Milan 
Cathedral (Italy), the third 
largest ecclesiastical 
building in Europe. 


CHARACTERISTICS 


Marble is a metamorphic rock composed mainly of 
calcite (calcium carbonate, CaCO;). Over 95 per cent 
of the rock can be made of this mineral, which 
occurs as interlocking, tightly packed crystals. 

Marble is a non-bedded rock, in contrast to the 
limestone from which it has formed. Many different 
marbles are noted for their colours, which are 
usually in the form of veins and patches running 
through the rock. These different colours are 
caused by a variety of minerals, which are often 
created by chemical reactions when the original 
limestone is being metamorphosed. For instance, 
brucite (magnesium hydroxide) gives marble a 
greenish or bluish colour. Diopside (calcium 
magnesium silicate) is also created during the 
metamorphism of some limestones and gives 
marble a bluish or greenish colour. 
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ORIGINS and DISTRIBUTION &* 


' Marble is a metamorphic rock which can be created 
by both contact and regional metamorphism. If 
limestone is intruded by magma, or is in contact 
with lava, it is recrystallised into marble. When 
limestone is buried deep underground during 
periods of mountain formation, the temperature 
and pressure it suffers will also produce marble. 

The exact degree of metamorphism to which 
marble is subjected may vary greatly. This gives the 
rock a wide range of features. 

Some of the finest marble is found in the 
following locations: Oued-Abdallah (Algeria); Attica 
(Greece); Vindhyan Hills (India); Carrara and Siena 
(Italy); Tecali (Mexico); Bergen (Norway); the Isle of 
Skye (Scotland); and Alabama, Georgia, Maryland 
and Tennessee (USA). 


A The marble-rich Ossola Valley (Italy). 
Marble may form in a wide range of 
metamorphic environments. 


> Brucite marble from Assyn, Sutherland 
(Scotland). The greenish patches of colour 
in this pale calcite-rich rock are of the 
minerai brucite. 


FACT FILE 
MARBLE 


Type: Metamorphic rock 

Essential component: Calcite 

Secondary components: Brucite, olivine 

Colour: White, grey, blue, green, pink, red i Marble is named either after the 

Texture: Crystalline place from which it was quarried (for 

Grain size: Fine to very coarse i E example, Carrara marble, from the 

Density: 2.6-2.9 " town of that name in Italy), or 
from its colour: the marble used 
for the exterior of Milan Cathedral 
is known as pink marble, while the 
Taj Mahal — the great 17th-century 
mausoleum on the Jumna River 
at Agra (India) — is built from 
white marble. 

However, the term marble is often 
used loosely in the building trade to 
describe rocks which, though similar 
to genuine marble, are not even 
metamorphic in origin. This can 
cause confusion: so-called onyx 
marble, for example, is strictly neither 
onyx nor marble, but a form of 


gypsum (hydrated calcium sulphate). 


4 A close-up view of an ornamental 
marble slab. The speckled inclusions 
are pyrite. 
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Mudstone 


Mudstone is a sedimentary rock 

that contains clay. It is very 

similar to shale and both rocks 
are widely distributed, often together. 


udstone is mainly grey, but may also be 

white, brown, reddish, greenish or bluish. 

It is readily susceptible to chemical and 
physical alteration. Its component particles are 
invisible to the naked eye, measuring less than 
0.004mm in diameter, and this helps to make 
mudstone distinctively smooth to the touch. 


Argillaceous rock 

Mudstone is composed of tiny particles of clay 
which have been carried in water and then 
redeposited as detrital sediment. It is closely 
related to shale, siltstone and marl, and is classified 
as an argillaceous sedimentary rock. 


Lacustrine and marine deposits 
Like all argillaceous rocks, mudstone accumulates 
mainly in the deepest parts of freshwater lakes 
(lacustrine deposits) and seas (marine deposits), 
through which tiny particles may be easily 
transported by even the gentlest currents. 
Clay-based rocks are typically found in sequence, 
with layers of mudstone, shale, siltstone, sandstone 
and limestone appearing one on top of the other. 


A The figures comprising the so-called 'terracotta army' 
are made of mudstone fired in kilns. These full-sized 
soldiers and horses were made in the third century BC 
and excavated in 1974 from the tomb of the Emperor 
Qin Shi Huangdi at Xi'an (China). 


MUDSTONE 


Type: Sedimentary rock 

Essential components: Clays, feldspars, micas, quartz 
Secondary components: Iron oxides 

Colour: Grey, white, brown, reddish, greenish, bluish 
Texture: Equigranular 

Grain size: Very fine 

Density: 2.5-2.7 


“Sedimentary rock 


A The Apennine Mountains (Italy) are rich in mudstones 
and closely related clays and shales. 


Shale 

Mudstone may be described as a form of shale which 
has been tightly compacted and hardened by burial at 
medium depth. Unlike clay itself, neither rock forms 
a plastic mass when wet; both mudstone and shale 
display similar levels of cohesion, but mudstone has 

a lower water content and is more difficult to split 

(is less fissile). 


Structure 

Mudstone is very similar to shale in a number 

of ways, especially in its composition. However, 
mudstone lacks the fine bedding planes of shale and 
so doesnt split into thin layers. This lack of bedding 
planes is due to the fact that mudstone is usually 
formed by continuous deposition of sediment, 
without breaks which would produce bedding planes. 


the deposition of fine-grained, almost dust-like, 
particles either in the sea or a lake. This deposition 
takes place ina very still environment, where 
currents do not disturb the fine-grained sediment 
as it settles. For this reason, mudstone is often 
deposited far from the shore out of reach of waves 
and strong currents. Mudstone is found in many 
parts of the world. 


Mudstone is composed of various minerals 
including clays. The clay mineral group is made up 
of a number of silicates such as kaolinite, illite and 
montmorillonite. Some of these are formed by the | 
alteration of feldspars. They are flaky minerals similar 
in some respects to the mica group minerals, which — 
are also found in mudstone. | 
Quartz, derived from the weathering of pre- 
formed rocks, is common as tiny grains in mudstone, 
as are grains of feldspar. Reddish mudstones are 
given their colour by iron oxide minerals, especially 
hematite, and yellowish colours indicate the 
presence of limonite. Dark colours may be caused 
by finely disseminated pyrite or organic matter. 
Mudstone is a very fine-grained sedimentary 
rock, the constituent grains being less than 
0.0004mm in diameter. It is because of this that 
microscope analysis is needed to identify the 
minerals in the rock accurately. 


A Brown mudstone 
from the Apennine 
Mountains (Italy). 


<4 Mudstone exposed 
and eroded by the 
action of waves, on the 
coast of Esmereldas | 
(Ecuador). 
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On the mineral 
trail: Angola 


Angola has a total 
area Of 1,246,700 sq. 
km. It is bordered by 
the Congo River and 
the Democratic 
Republic of the 
Congo in the north 
and northeast, by 
Zambia in the 
southeast, by 
Namibia in the south 
and by the Atlantic 
Ocean in the west. 


Major mineral 
deposits 


GEOGRAPHICAL AREAS OF ANGOLA 


DEMOCRATIC REPUBLIC OF THE CONGO - 


Lucala R. 


m Duque de Braganca 
am — 
Cuanza R. 


Kwanza Sul 


Cassinga M 


NAMIBIA 


[4 | { he former Portuguese colony of Angola, which 
has been fully independent since 1975, is the 
seventh largest country in Africa, with a total 

land area slightly greater than that of France and the 


Low Countries combined. 


Angola is extremely rich in mineral resources 
including diamonds, iron ores, copper ores, manganese 


ores, salt, uranium ores and gold. 


The lie of the land 


Angola divides naturally into three main regions 

— a coastal plain, a transitional zone of terraces and 

escarpments, and an inland plateau region. 
This high plateau covers about two-thirds of the 

country and is the chief topographical feature. From 


an abrupt incline beyond the coastal lowlands, which 


A Cutting metal in a metal-working factory in Luanda. 


A The Cuango River, which attracts many diamond hunters 
from the neigbouring Democratic Republic of the Congo. 


vary in width from 50km to 160km, the plateau rises 
to altitudes of 1200-1850m. 

Two great rivers, the Cuanza and the Cunene, 
drain into the Atlantic Ocean. Rapids and waterfalls, 
caused by the unevenness of the plateau, are a feature 
of the landscape. The most important of these are the 
Duque de Braganca Falls on the Lucala River and the 
Ruacana Rapids on the Cunene River. 


Diamonds 

Before independence, Angola was the fourth largest 
diamond producer in the world and exported 2.4 
million carats a year (one carat = 0.2g). Output 


almost ceased after 1975, rose again in the late 1970s, 


then crashed in the 1980s. Since the end of the civil 
war in 2002, Angola has resumed its former role as a 
major diamond-producing nation, producing 9.7 
million carats in 2007. 


Mining 

Before 1975, iron ore from the Cassinga mines was 
Angola's fourth most valuable export, but production 
ceased between 1974 and 1984 because of civil war, 
and the mines have not been reactivated. Copper, 
manganese ore, gold and quartz are all currently 
mined on a small scale. 


Cil production 

Crude oil production is a vital part of the Angolan 
economy, and production has nearly trebled since 
independence. Angola became a member of the 
Organisation of Petroleum-Exporting Countries 
(OPEC) in 2006 and was given a production quota 
of 1.9 million barrels a day. Oil production currently 
accounts for 85 per cent of gross domestic product. 


A Diamond mining in Angola. The country has 
an abundance of both high-grade gems and 
industrial diamonds. 


Extraction occurs mainly off the coast of Cabinda, 
especially in the huge Takula field, and off the Congo 
River estuary. Some onshore production also takes 
place near Soyo and Luanda, and there has been some 
prospecting as far south as Kwanza Sul. 


Macroscopic study 


The macroscopic study of rocks, minerals and fossils is 
the examination of specimens without the aid of high-powered magnification. 
It is often possible to make a reliable identification by macroscopic means. 


acroscopic study has been used for years to 
M examine and identify geological specimens. 
It is the main way in which these materials 
are studied, and its methods are reliable and accurate. 


Macroscopic examination of minerals 
There are a number of useful properties of minerals 
that can be investigated by macroscopic means. 
These, when taken together, can be very accurate in 
determining the identification of a mineral specimen. 


Colour 

This is often the most apparent property that a 
mineral exhibits. Mineral colours can be vivid and 
bright. The green of malachite, the rich blue of azurite 
and the red of cinnabar are examples. However, many 
minerals are white or grey and cannot be told apart by 
their colours. Also, a single mineral may have quite a 
range of colours. Quartz, for example may be many 
different colours. 


Streak 

This is another colour-related property. Streak is the 
colour of the powdered mineral, which is usually 
obtained by rubbing the mineral on a piece of 
unglazed porcelain (a streak plate). The streak is a 
consistent colour for each mineral, even though, like 
quartz, a mineral may have different colours. 


A A specimen of conglomerate, which is a sedimentary 
rock in which the large rounded fragments it contains 
can easily be seen. These suggest it was formed in a 
strong current of water. 


A The red colour of the potassic feldspar on this 
specimen of trachyte would help to identify it. 


Lustre 

Another visual property is lustre. This is the way light 
is reflected from the mineral surface. Many minerals 
have a vitreous (glassy) lustre. Metallic, dull or earthy, 
resinous, greasy and pearly are some other lustres. 


Mineral shape 

After colour, the shape of a mineral is its most obvious 
characteristic. The actual shape of a mineral is called 
its habit. This may be a perfect crystal shape or it can 
be a non-crystalline form. Words like cubic, hexagonal, 
rhombic and prismatic can be used to describe crystal 
shapes. Non-crystalline habits include reniform 
(kidney shaped), massive (no definite shape), fibrous 
(like thin fibres) and dendritic (like tree branches). 


Cleavage and fracture 

The way a mineral breaks is a good macroscopic clue 
to identification. Cleavage in minerals produces flat 
surfaces and shapes related to its internal structure. 
Words such as rhombic, cubic, octahedral and 
prismatic can be used to describe cleavage. To 
recognise that a mineral has cleavage is often 

useful, even if it cannot be easily described, as 

not all minerals cleave. 
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Macroscopic study 


Fracture is usually irregular and uneven, or 
conchoidal and curved like the surface of a shell. Glass, 
for instance, breaks with a conchoidal fracture. 


Hardness 

This test gives an accurate account of a mineral's 
hardness. This is its resistance to being scratched. The 
Mohs Scale is a 10-point scale of hardness, and each 
point has a common mineral as its defining hardness. 
For example, point one on the scale is defined by talc, 
point four by fluorite and point ten by diamond. 


Density 

The density of a mineral is numerically the same as 

its specific gravity, and can be obtained by comparing 
the specimens weight in air to the weight of an equal 
volume of water. This is done using a displacement 
can. Many common minerals and rocks have a density 
of between 2 and 3, but galena (lead sulphide) has a 
density of 7.5 and the density of gold is 19. 


Special testing 
A useful test is to place some cold dilute hydrochloric 
acid on an unidentified mineral specimen (this acid is 
far weaker than that in the human stomach and is 
harmless). Certain minerals will react with the acid. 
Calcite effervesces quite violently, producing bubbles 
of carbon dioxide. Galena reacts more slowly, but a 
smell of hydrogen sulphide (bad eggs) is produced. 

Some minerals, including magnetite, will pick up 
iron filings because of their magnetism. 

When a profile of a mineral has been made using 
the macroscopic tests outlined above, there is a good 
chance that the mineral can be identified. 


Rocks 

The first thing to be examined is structure. If a rock is 
composed of a mosaic of interlocking mineral crystals, 
it is most likely to be an igneous or metamorphic rock. 


< A polished slab of 
granite, showing pink 
orthoclase feldspar, white 
plagioclase feldspar, 
glassy quartz, black 
biotite and iron ore. 


v These topaz crystals 
show fine prismatic habit. 
A mineral's habit is one of 
the main features that 
macroscopic study uses 
for mineral identification. 


Sedimentary rocks tend to have grains which are not 
fused together but cemented by other minerals. 

The rock may have a definite layered structure, in 
which case it is probably a sedimentary rock. Rocks in 
which the minerals are arranged in crystalline bands 
are usually metamorphic rocks. 


Rock texture 

This is the size and shape of the constituent grains 

and the relationship between them. Igneous rocks with 
coarse grains have cooled slowly from magma — granite 
and syenite are two such rocks. Those with small 
grains have formed during volcanic activity and 
include basalt and rhyolite. Some igneous rocks 

which cool so rapidly that crystals do not have a 
chance to form have a glassy texture. 

Sedimentary rocks can be readily studied 
macroscopically. The coarse-grained ones such as 
breccia and conglomerate may contain large pebbles 
and even boulders. Sandstones are medium- to fine- 
grained and often their constituent grains are not well 
cemented together and can be rubbed off with the 
fingers. Limestones have a high percentage of calcite 
and usually contain fossils. 


DISCOVERY 


Microscopic study 


The earliest microscopes, which dated from about the 15th century, were of limited 
use because of many factors, not least poor-quality glass. It was not until the 
pioneering work in microscopy of British surgeon Joseph Lister (1827-1912) that it 
became possible to look in great detail at the structure of minerals. 


|: Discovery 163, we looked at some of the 


methods used to identify minerals and rocks from 


their easily visible physical characteristics and 
their chemical properties. 


Exciting new fields 

These techniques are supplemented by microscopy, a 
relatively recent form of analysis which has opened 
up exciting new fields of study. 

Before microscopes became reliable and widely 
available, the internal arrangement of a mineral’s 
atoms was largely a matter of speculation. Although 
an important study of calcite crystals had been 
carried out by French mineralogist René-Just 
Haüy (1743—1822) in the late 18th century, the 
breakthrough in our understanding of the internal 
structure of minerals did not come until the 1930s, 
with the development of the high-powered electron 
microscope. 


Crystal systems 

The most powerful electron microscopes enlarge the 
object more than 250,000 times. When taken in 
conjunction with the evidence provided by X-ray 
analysis, this degree of magnification has made it 


A A polarised light 
micrograph of a thin 
section of micro- 
crystalline marble, 
showing a pattern of 
fine crystalline calcite. 


<The large-grain 
inclusions of augite are 
easy to see in this highly 
magnified section of 
syenite, a coarse-grained 
igneous rock. 


Apn3s dIdOOSOJDIIN 


icroscopic study 


DISCOVERY 


possible to determine the crystal structure of 
minerals. Moreover, in several cases, microscopic 
analysis has led to reclassification: minerals with 
identical external features have been shown to 
conform to different crystal systems. 


Hard facts 


The microscope study of minerals and rocks uses 
thin slices of a specimen mounted on a microscope 
slide. Light is passed through this thin section from 
below and the mineral's or rock's texture can be 
studied in great detail. The optical properties of 
minerals and rocks can be a good way of identifying 


them in this type of study. 


< A light micrograph 

of a section of oolitic 
limestone, which shows 
the ooliths (small 
spherical bodies) 
embedded in the 
groundmass very clearly. 


A A thin section of 
nummulitic limestone 
- a marine fossil 
characterised by many 
coils shaped like a lens. 


<The purple and green 
crystals of tourmaline 
show up strongly against 
the chlorite groundmass 
in this polarised light 
micrograph. 
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Ironstone is a sedimentary rock 
rich in iron minerals. 
Some specimens 
are attractive enough to 
be polished and used 
ornamentally. 


he majority 
of ironstone 
contains oxides 
of iron in the form of 
the minerals hematite, 
goethite and limonite. 
Such minerals give the 
rocks a reddish, brown, 
black or yellowish colour. 
These iron compounds are often released during the 
weathering of surface rock and then find their way 
into accumulating sediment, often sand, to form 
stratified ironstone. 

Iron compounds may also replace other minerals in 
sediments underground, hematite being an example of 
this. In ironstone from Cumbria, England, hematite 
has replaced calcite, and fossil coral can be found made 
of hematite. 


Iron-rich rock 

The main feature common to all ironstones is a high 
concentration of iron compounds. Some ironstones are 
so rich in iron they are industrial ores of this metal. 
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ACTERISTICS — 
Minerals often found in ironstones are the iron 
oxides goethite, hematite, limonite and magnetite. 
In addition, ironstones may contain the following 
minerals: chamosite (a complex aluminosilicate of | 
iron and magnesium); glauconite (a mica silicate | 
of potassium, sodium, aluminium, magnesium and 
iron); pyrite (iron sulphide); and siderite (iron 
carbonate). These iron-bearing minerals are often 
cemented together by calcite (calcium carbonate) 
and dolomite (calcium magnesium carbonate). Silica 
may also be present in the form of quartz. 

The most extensive and industrially important 
ironstone deposits form in sedimentary layers, 
some of which may contain fossils. 


MINERALS PLUS 


Ironstone 
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A This specimen of ironstone from the Florence Mine 
in Cumbria (England) contains two types of hematite, 
one black, the other red. The pale brown areas are 
composed principally of the mineral dolomite (calcium 
magnesium carbonate). 


Banded ironstones 
One of the most economically important ironstones 
is the banded ironstone found in the northern parts 
of the USA, Russia, Canada and Australia. This 
ironstone, of Pre-Cambrian age, was formed at a time 
when iron compounds were more stable because of a 
very low level of oxygen in the atmosphere. 

Banded ironstone consists of alternating layers, a 
few centimetres in thickness, of pale quartz and darker 


> Banded ironstone 
showing dark 
hematite-rich layers 
alternating with 
pink quartz H 
(Australia). 


Sedimentary rock - 


iron oxide (hematite or magnetite). Iron compounds 
may account for more than 50 per cent of the rock, 
which is mined in large quarries (opencast mines). 


Oolitic ironstones 

Much of the ironstone which fuelled the Industrial 
Revolution in Europe and North America is of 
Jurassic age. These rocks formed in a shallow marine 
environment and they are often rich in fossils. They 
are stratified sedimentary rocks and the small, rounded 
grains of their oolitic texture are best seen by using a 
10x hand lens, although the ooliths (measuring about 
3mm) can be seen with the naked eye. 

The main iron minerals these rocks contain are 
siderite, hematite and chamosite. They tend to be of 
much lower quality than the Pre-Cambrian banded 
ores, having around 30 per cent iron content. 


MINERALS 


ORIGINS and DISTRIBUTION &€ 4:* 


ronstones are sedimentary rocks. The banded 
ironstones are of Pre-Cambrian age and they occur 
as large thicknesses of rock with alternating bands of 
quartz, often in the form of chert, and iron minerals. 

Many of the more recent ironstones are oolitic 
rocks made of small, rounded grains called ooliths. 
These form in stratified deposits among limestone 
and sandstone. 

Notable ironstones are found in the following 
locations: the Hamersley Group (Australia); Lake 
Superior (Canada and USA); Cleveland, Frodingham 
and Northampton (England); the Clinton Ironstone 
in the Central Appalachian Basin (USA); and the 
Rhiwbina iron deposits (Wales). 


fae 4 Oolitic ironstone 
! showing the small, 
rounded ooliths and iron- 
rich matrix. The top half 
of the picture shows a 
cross section of part of 

a fossil ammonite with 
its chambers filled 
with calcite crystals 
(Lincolnshire, England). 


FACT FILE 
IRONSTONE 


Type: Sedimentary rock 


Essential components: Iron minerals 


Secondary components: Calcite, dolomite, quartz 


Colour: Brown, reddish, black, yellowish 


Texture: Variable; sometimes oolitic 


Structure: Sedimentary layers or bands 


Grain size: Variable 
Density: Variable 


4 Ironstone often forms 
as discrete concretions 
within sedimentary strata. 
The yellowish bands in 
this specimen are 
limonite. 


Composed mainly of 
the mineral olivine, 
dunite is an ultrabasic 
intrusive igneous rock. 
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unite is light brown or yellowish 

green in colour. It is fairly 

common in many parts of the 
world and takes its name from one of its 
most important occurrences, Dun 


Mountain (New Zealand). 


Olivine rich 

Dunite is a variety of peridotite that 
typically contains more than 90 per cent 
olivine. (Olivine is the group name given 
to the magnesium and iron silicate 
minerals of the fayalite-forsterite solid 
solution series.) 


Ultrabasic rock 


In scientific terms, rocks with high concentrations A A typical mass of dunite. Note particularly the 
of magnesium and iron are said to be basic. Dunite characteristic yellowish colour and the granular texture 
contains a particularly high concentration of these of this ultrabasic intrusive igneous rock. 


FACT FILE 


DUNITE 


Type: Intrusive igneous rock 


Essential component: Olivine 


Secondary components: 
Apatite, chromite, ilmenite, 
magnetite 


Colour: Light brown, yellowish 
green 


Texture: Granular, often sugary 
Grain size: Medium to coarse 
Density: 3.7 


<4 A micrograph of a thin 
cross section of dunite. 
Dunite consists almost 
entirely of minerals of the 
olivine series. 
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Intrusive igneous rock 


ORIGINS and DISTRIBUTIO 


Dunite forms mainly in extensive basalts and at 
the base of layered igneous intrusions, where it 
is associated with other ultrabasic rocks. 

It may also be found in minor intrusions which 
have contributed to the infilling of a geosyncline 
(a large depression on the ocean floor): here 
dunite may form part of an intricate combination 
of many rock types known collectively as an 
ophiolite complex. 

Dunite is found in the following locations: the 
Troodos Mountains (Cyprus); Mount Dun (New 
Zealand); the Ural Mountains (Russia); the Bushveld 
(South Africa); Frostviken, Jàmtland (Sweden); 
Turkey; and Alaska and Montana (USA). 


| Dunite is an equigranular coarse-grained rock. 
The one essential component of dunite is olivine 
(magnesium iron silicate). The rock typically 
comprises more than 90 per cent of this mineral, 

and some specimens may contain no other minerals 
- in scientific terms, such rocks are said to be 
monomineralic. Monomineralic dunite has a higher 
density and is thought to have formed earlier than 
dunite of mixed composition. 

The most important accessory minerals which may 
occur in dunite are: apatite (calcium fluorophosphate); 
chromite (iron chromium oxide); ilmenite (iron 
titanium oxide); magnetite (iron oxide); pyroxenes 
(complex silicates); and pyrrhotite (iron sulphide). 


> The darker areas in 
this mass of dunite are 
composed of chromite, 
the most important 
industrial source of 
metallic chromium. 

In Turkey, dunite is 
associated with 
chromium-bearing rocks. 


» The high plains of Eifel 
(Germany), which were 
formed originally through 
volcanic activity when 
masses of dunite were 
brought to the surface in 
streams of erupting lava. 
Dunite is an ultrabasic 
igneous rock which is 
often found in the core 
of stocks - small igneous 
intrusions that resemble 
batholiths. 


metallic elements and is therefore termed an association with gabbros, dolerite dykes and basalt 
ultrabasic rock. pillow lavas. 

The presence of iron and magnesium causes the Dunite can be formed when magma is intruded 
darkness of dunite, which scores over 90 out of 100 and cools slowly. The first mineral to form, olivine, 
on the colour index of igneous rocks. sinks to the base of the intrusion and creates an 

olivine rock, dunite. As the remainder of the 
Associated rocks magma cools, dolerite forms containing pyroxene, 
Dunite is generally found in extensive linear plagioclase and quartz. A classic example of this 


bodies known as ultrabasic belts. It often forms in occurrence is the Palisades Sill in New York. 


Tonalite is very similar 
to diorite: what 

*$ distinguishes the 
wa rocks is the amount of 
quartz they each contain. 


onalite is typically speckled 
dark grey and white. It is 
sometimes known as quartz- 
bearing or quartziferous diorite, but 
the name tonalite is now preferred to (ikl 
avoid a confusingly large number of 4 
forms of diorite. It is named after 
Mount Tonale (Italy), the classic 
location. 


Intrusive rock 

Like diorite, of which it is a quartz- 

rich form, tonalite is an intrusive igneous rock. 
Intrusive igneous rocks have often been forced into 
pre-existent strata, sometimes along clearly defined 
structural features such as bedding planes or joints. 


> A Grey and white speckled tonalite from Val Masino, 
Sondrio (Italy). This fairly widespread intrusive igneous 
rock has some commercial value as a building stone. 


A Mount Tonale in the Adamello complex of the Tyrol 
(Italy). This is the type locality of tonalite. 


FACT FILE 


TONALITE 


Type: Intrusive igneous rock 


Essential components: Biotite, hornblende, plagioclase 
feldspar, quartz 


Secondary components: Apatite, ilmenite, magnetite, titanite, zircon 


Colour: Grey and white 


Texture: Equigranular 


Grain size: Medium to coarse 


Density: 2.8 


ORIGINS and DISTRIBUTION & € 


Most tonalites form from magma, but some are 
produced by chemical reactions between magma 
and pre-existent rocks such as gabbro. 

The classic location (type locality) of tonalite is 
Mount Tonale in the Adamello complex of the Tyrol 
(Italy). Tonalite also occurs in the following locations 
worldwide: British Columbia (Canada); Val Masino 
(Italy); Trondheim (Norway); Loch Awe and Galloway 
(Scotland); and Val Bregaglia, Canton des Grisons 
(Switzerland). In the USA, there are extensive 
intrusions of tonalite rock in the great batholith of 
the Sierra Nevada (California) and in the mountains 
of the Cascade range (Oregon). 
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Plutons 
Tonalite occurs typically in extensive masses of 
intrusive igneous rock which have solidified beneath 
the surface of the Earth. The generic term for these 
features is plutons; batholiths are among the best- 
known examples of this type of structure. 

Tonalite is among the last rocks to cool and is 
thus found near the pluton core which has remained 
hottest longest. 


Anatexis 
It is during the early stages of crystallisation that 
magma begins to form distinct rock types — the 
scientific term for this process is differentiation. 
Tonalite develops not only from magma that is 
fresh from the Earth’s mantle but also from pre- 
existent rocks that have been melted by heat and 
pressure. The scientific term for the regeneration of 


Intrusive igneous rock - 


| magma from older material is anatexis. 


Composition 

| The composition of tonalite is very similar 

to that of diorite. Tonalite contains essential quartz, 
whereas diorite may have very little or no quartz. The 
plagioclase feldspar the two rocks contain also differs. 
However, some authorities suggest that the presence 
or absence of quartz is the only difference between 
the two rocks. 


industrial uses 


Tonalite is used as a building material, both in the A The high resilience of tonalite, together with its 
natural state and as polished slabs. Many tonalites distinctive grey and white speckled appearance, make 
contain industrially significant quantities of copper this rock a popular material for buildings and 

and pyrite. ornamental slabs. 


. Tonalite is a medium- to coarse- 


grained rock, and as such its 
constituent minerals can be readily 
seen with the naked eye, and in detail 
. with a 10x hand lens. It is typically an 
. equigranular rock with the crystals all | 
. being a similar size. 

The essential components of 
tonalite are biotite (a complex silicate 
of the mica group), hornblende (an 
aluminosilicate of calcium, magnesium 
and iron), plagioclase feldspar 
(a silicate of sodium) and quartz 
(silicon dioxide). 
| The accessory minerals in tonalite 
- are as follows: apatite (calcium 
fluorophosphate); ilmenite (iron 
titanium oxide); magnetite (iron oxide); — E] 
| . orthoclase (potassium aluminium | 
| A A micrograph section through a thin slice of tonalite. The coloured silicate); titanite (calcium titanium 
| 


zones are the component minerals biotite (1), hornblende (2), silicate); and zircon (zirconium silicate). 
plagioclase feldspar (3) and quartz (4). 


Tufa 


Tufa is closely related to 
{i travertine, both being forms 


Eu oe La 


of limestone. 


p | Y ufa (or calc-tufa, as it is sometimes known) is 
usually brown, white or yellowish in colour. 
Its name derives from the Latin tofus, 

meaning ‘a soft stone’. 


The calcite factor 

Like travertine, tufa is a form of limestone. The 
principal mineral component of both rocks is calcite, 
although small quantities of aragonite may also be 
found in some deposits. (Calcite and aragonite are 


naturally occurring forms of calcium carbonate, 
chemical formula CaCO,.) 


Key difference 

The most important difference between these two 
closely related rocks is that tufa has a poroous 
structure, whereas travertine is more compact. While 
travertine forms in stratified or bedded layers — many 
of which are fairly extensive — tufa typically forms as 
small encrustations on the surface of other materials. 
Tufa is generally found only in limited areas, 
especially on the walls of caves and tunnels. 
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A Tufa encrustations on the wall of an underground 
limestone cave (Yorkshire, England). 


TUFA 


Type: Chemical sedimentary rock 


Essential component: Calcite 


Secondary components: Iron oxides 


Colour: Brown, white, yellowish 


Texture: Porous, unbedded 


Grain size: Not granular 
Density: 2.6-2.7 


4 Tufa towers on the 
shores of Mono Lake, 
California (USA). Originally 
formed under water, 
these encrustations were 
exposed when the water 
in the lake was diverted 
to Los Angeles, about 
500km away. 


A The largest tufa columns at Mono Lake, California 
(USA), are over 14m high. 


v By contrast with tufa, travertine is well consolidated 
into stratified layers. 


Tufa structures 
In certain conditions, these encrustations may develop 
into remarkable free-standing structures. The tufa 
towers at Mono Lake in California (USA) are among 
the most striking examples. Elsewhere, tufa may form 
umbrella-like canopies where a stream saturated with 
calcium bicarbonate plunges over a cliff. As the water 
is aerated, carbon dioxide is released, causing calcium 
carbonate to be deposited as tufa. 

In some cases, tufa may completely bridge a river, 
forming a natural arch. 


Tufa is a sedimentary rock with a porous texture. 
It is usually brown, yellowish or white. 

Tufa is precipitated from a bicarbonate solution 
with the chemical formula Ca(HCO;),. When this | 
liquid dries out (evaporates), it loses its hydrogen | 
and some of its carbon and oxygen, which are driven 
off in the form of water (HO) and carbon dioxide 
(CO,). The residual deposits are virtually pure 
calcium carbonate, and consequently the essential 
mineralogical component of all tufa is calcite. Unlike 
the closely related travertine, which is fairly compact 
and non-absorbent, tufa is characteristically porous 
and sponge-like. 
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a Sire. 

Tufa form ugh the deposition of calcium 
carbonate from water. - 

. Most tufa deposits are small and provide the 
filling for cavities, cracks, fissures and joints. The rock 
may also be found around springs and resurgences 
of water which has flowed through underground 
limestone strata. Tufa in these locations is often 
spongy and may enclose fragments of plants, rocks 
or animal remains. Tufa sometimes cements surface 
gravels to form a material known as calcrete. 

The world's most striking tufa deposits are the 
enormous towers on the shores of Mono Lake 
(California, USA). In the British Isles, tufa may be seen 
on the walls of limestone caves, such as those in the 
north Pennines (Yorkshire). + 
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mineral 
trail: Slovakia 


The Republic of 
Slovakia lies to 
the southeast 

of the Czech 
Republic, to 
which it was 
joined as a 
federal republic 
until both 
nations achieved 
independence in 
1993. The country 
occupies an area 
of about 49,035 
sq. km. It borders 
Poland in the 
north, Ukraine in 
the east, Hungary 
in the south, 
Austria in the 
west, and the 
Czech Republic in 
the northwest. 


lovakia is rich in a wide 
S range of minerals, among 
the most important of 
which are copper, iron ore, 
lead ore, manganese ores, rock 
salt (halite) and zinc ore. In 
recent years, the exploitation 
of these natural resources 
has given rise to increasing 
concerns about damage to 
the environment. 


> A view across the High Tatra 
of northern Slovakia. This is the 
highest range of the Central 
Carpathian Mountains, which 
extend east as far as Romania. 


Slovakia 


Ll 
. 


On the mineral trail: 


A The lower slopes of the High Tatra range are covered 
with pine woodland, but near the peaks this is replaced 
by masses of exposed rock. 


The lie of the land 

Part of the Carpathian mountain chain in Slovakia 
is known as the High Tatra. Many of the peaks here 
reach heights in excess of 1850m. The highest 
summits are Mount Gerlachovsky (2655m) and 
Mount Dumbier (2043m). 

The south of the country comprises rolling hills 
and fertile valleys through which the rivers Vah, 
Nitra and Hron flow towards the River Danube. 
Near the Danube, in the area of Bratislava and 
Komarno, is the Little Hungarian Plain (Little 
Alfóld) which is the granary of the country. 


Mining 

Large deposits of magnesite and lead, manganese and 
zinc ores are mined in the Slovak Ore Mountains. In 
2005, some 300,000 tonnes of iron ore were also 
extracted in this area, and much of it was processed 
at the nearby industrial city of Kosice. In the early 
1990s, 25,000 tonnes of copper were also produced 
here annually, but the mine was shut down in 2003 
due to low metal prices. 


In many parts of Slovakia, there are small 
manufacturing towns which make use of local 
minerals — the country is particularly associated with 
the manufacture of pencils made from local graphite. 
In the east of the country, there are some economically 
significant deposits of rock salt (halite). Besides these 
indigenous mineral deposits, large quantities of 
imported bauxite and nickel ore are refined at Ziar, 
Hronom and Sered. 


Energy resources 
Slovakia has limited but economically important 
reserves of brown coal and lignite. These are found 
mainly in the hills near Handlova and Modry Kamen. 
Brown coal is used to fire thermal power stations, as 
domestic fuel, and as a raw material in the chemical 
industry. In 2005, Slovakia was producing 2.5 million 
tonnes of brown coal and lignite a year. 

Nuclear power is increasingly important to 
the national economy: currently, nuclear power 
accounts for more than half the electricity 
generated in Slovakia. 

One of the main energy sources for industry in 
Slovakia is the hydroelectric power generated by 
a series of dams on the Vah, Orava, Hornad and 
Slana rivers. 


Cirques, corries 


any of the 

world's highland 

regions feature 
mountain hollows formed 
by glaciation. These 
hollows are sometimes 
known as cirques, a name 
which is derived from the 
French for ‘circle’ and 
refers to their distinctive 
rounded shape when 
viewed from above. 
These often spectacular 
landforms are also known 
by their Scottish name, 
corries, and by their 
Welsh name, cwms. 
When they become filled 
with water, the resulting 
lakes are known in 
England as tarns. 

Cirques, corries or 

cwms are basin-shaped 
hollows on the steep sides 
of mountains. These 
hollows were eroded by 
small glaciers. 


and cwms 


A Above: The Gróss Glockner summit (Austria). Some 

of the hanging glaciers visible on the steep valley sides 
originate in cirques and may flow down to join the 
main glacier which can be seen running along the 
valley floor (lower right). 


< A cirque with a lake set in well-bedded limestone 
(Austria). All glaciers originate above the snow line, 
so the location of cirques provides scientists with 
important information about climatic changes since 
the last Ice Age. 


Firn 

In hollows high in mountainous regions snow 
accumulates, and after being compacted, melted and 
recrystallised it eventually turns into ice. It is called 
firn when, after a short time, its density has reached 
around 0.3. More compaction and recrystallisation 
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Cirques, corries and cwms 


A A cwm formed by the action of a glacier (north 
Wales). Lakes of this type reach their greatest depths 
along the edge closest to the mountain summit. 


> A glacially eroded hanging valley above the Cirque 
de Gavarnie (France). 


increases the density to 0.8 when it becomes ice. Ice is 
able to flow and erode the cirque, especially its steep 
head wall. 

Yet, even when the cirque has been filled, water, ice 
and rock fragments continue to flow down into it from 
higher ground. The solid particles descend to the floor 
of the hollow through cracks (crevasses) which appear 
near the back wall of the cirque (the wall nearest to the 
summit of the mountain). 


Bergschrund 
These crevasses are formed by the movement of the ice 
as it starts to travel downhill from the outer rim of the 
cirque on the valley side. In any cirque, the largest 
crevasse is known as the bergschrund (from the 
German meaning ‘mountain crack’). 

The movement of ice out of the cirque is a key 
stage in the development of larger valley glaciers, and 
many cirques were originally glacial feeders. 


Moraine 

Meanwhile, the floor of the cirque is gouged out by 
the rotational movement of the rock fragments. The 
scientific term for this effect is overdeepening. Some 
material extracted from the floor of the hollow is 
redeposited around the outer rim of the cirque in a 
mass of debris called a moraine. 


Tarns and other terms 
After the glacier has retreated, some cirques, corries or 
cwms become (or remain) filled with water, becoming 
lakes that are known in England as tarns. When two 
cirques form close to one another, the sharp ridge that 
divides them is called an aréte. 

On mountain slopes with patchy snow cover, the 
repeated action of frost and thaw (nivation) on the 5 
surrounding rocks, combined with the removal of 
shattered material by means of gravity transport, 
creates small depressions known as nivation cirques 
or nivation hollows. 


DISCOVERY 


Chemical analysis 


Scientific advances during the 19th century greatly increased human knowledge 
of the composition of rocks and minerals. Among the additional 
benefits of these developments were the discovery and isolation of previously 
unknown chemical elements. 


ntil the 19th 
century, the idea 
of elements — 


substances which are 
irreducible by normal 
chemical and physical 
means — had evolved 
very slowly. In ancient 
times, only 10 elements 
were known in their 
uncombined state — these 
were antimony, carbon, 
copper, gold, iron, lead, 
mercury, silver, sulphur 
and tin. 


Antoine Lavoisier 

In 1789, when French 
chemist Antoine Lavoisier 
(1743-1794) published 
the first table of elements, 
this list had grown to 33. 
Although subsequent 
research revealed that some 
of Lavoisier’s findings were 
mistaken — he included 
light, for example, which is 
not an element but a form 
of electromagnetic energy 
— he identified more than 
20 new elements. 

In the 19th century, scientists used an increasing 
range of new techniques to isolate previously 
unknown elements, often from mineralogical 
material. The main methods employed at this time 
were microscope analysis and chemical reaction. 
Then, from the early part of the 20th century, the 
development of X-rays began to cast amazing new 
light on the internal structure of minerals and led to 
a range of exciting discoveries. 


Sir Humphry Davy 

In 1807, the great English chemist Sir Humphry 
Davy (1778-1829) passed electric currents through 
minerals to isolate the metallic elements potassium 
and sodium from the carbonate radicals (chemical 


A Medieval scientists worked with a limited range of 
instruments, such as the pestle and mortar (for 
grinding) shown in this apothecary's shop. 


formula CO) with 
which they had been 
combined. Later, Davy 
reacted borax with 
potassium to isolate 
boron. By the end of his 
career, Davy had also 
isolated the metallic 
elements barium, 
calcium, magnesium 
and strontium. 


Radium 
Throughout the 19th 
and 20th centuries, 
many chemical elements 
were identified for the 
first time through 
analysis of geological 
material. One of the 
most famous was 
radium, which was 
isolated from 
A pitchblende (uraninite) 
= by French scientists 
Marie Curie 
(1867-1934) and 
her husband Pierre 
(1859-1906). 
Although some 
discoveries came as 
sudden breakthroughs, most advances in this area 
have been achieved by a series of tests over a long 
period of time. 


The case of titanium 

The isolation of titanium is a case in point. Titanium 
is a metallic element which is widely distributed and 
comprises about 0.44 per cent by weight of the 
Earth's crust. Among the most important titanium- 
bearing minerals are ilmenite (iron titanium oxide) 
and rutile (titanium oxide). 

A compound of titanium and oxygen was 
discovered in 1791 by the English amateur chemist 
William Gregor (1761-1817). However, titanium is 
notoriously difficult to isolate, partly because it reacts 
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Chemical analysi 


easily with oxygen and nitrogen, gases which are 
found in the air. Thus it was not until 1910 that the 
element was finally isolated by metallurgists through 
the reduction of titanium tetrachloride with sodium 
in an airtight steel cylinder. 


X-ray analysis 

X-rays — which reveal the inner structure of solid 
bodies in greater detail than even the most powerful 
microscopes — were discovered in 1895 by German 
physicist Wilhelm Conrad Röntgen (1845-1923). 
From the early part of the 20th century, X-rays were 
increasingly used to determine the crystal structure 
of minerals. 

This form of mineralogical analysis involves 
directing X-rays onto a specimen and recording the 
image thus generated on a photographic plate. The 
varying intensities and positions of the spots on the 
plate enable scientists to identify the crystal structure 
of the mineral. 

X-ray analysis has a wide range of scientific and 
medical applications: it is particularly useful in 
differentiating minerals with identical chemical 
components which nevertheless have different 
crystal structures (the scientific name for such 
minerals is polymorphs). 


Bragg’s law 

The consistent and predictable behaviour of X-rays 
when they pass through crystals enabled English 
scientist Sir Lawrence Bragg (1890—1971) to 
formulate in 1912 a law of X-rays which bears 

his name. 


< Radium was 
discovered through 
chemical analysis 
by Pierre (centre) 
and Marie Curie, 
shown here in their 
laboratory. 


AN X-RAY GENERATOR 


This diagram shows in simplified form the 
inner workings of an X-ray generating machine or 
Röntgen tube. 

The filament (1) is broadly similar to the filaments 
used in ordinary electric bulbs. When it is heated by 
electricity from a high-voltage transformer, it gives 
off electron particles (2), the component rays of 
which have much shorter wavelengths than those 
of visible white light. 

These particles are fired down an airless 
(evacuated) glass tube onto a sheet (3). This sheet 
is made of heavy metal (typically, but not invariably, 
tungsten) and is backed by a massive metal anode 
to conduct away the heat generated during the 
process. On coming into contact with the metal, 
the electrons are converted into X-rays (4). These 
are then redirected downwards to a suitable lens 
aperture (5), beneath which is placed the object 
under examination. 
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Stilbite is a widely occurring 
zeolite mineral whose 


crystals often form in 
sheaf-like clusters. 
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tilbite is usually white but may also be grey, 

pink, yellow, brown or reddish. The name 

derives from the Greek word sz/bos, meaning 
‘glittering’. It was first identified and named at the 
beginning of the 19th century. 

Stilbite is a widespread and reasonably common 
mineral, especially in areas of volcanic rock, 
particularly basalt. 

It forms fine crystals which are classified in 
the monoclinic system of symmetry. Frequently 
these crystals form aggregates which resemble 
sheaves of corn. 

The crystals usually occur in cavities (vesicles) in 
basalt. When a vesicle is completely filled with a 
mineral such as stilbite, it is called an amygdale. 

When newly extracted, stilbite crystals have a 
vitreous lustre; their cleavage surfaces are pearly. 


A A specimen of stilbite in a radiating habit. 


Widespread mineral 


Zeolites 


Stilbite is a zeolite, one of a large group of silicate 
minerals which have water of crystallisation in their 
crystal lattices. Zeolites have what is called reversible 


dehydration: their water of crystallisation is lost 


during heating but can be reabsorbed at a later 

time. Because of this property, zeolites are used as 
desiccants and some are manufactured synthetically 
under the name ‘silica gel’, small packets of which are 
packed with electrical and photographic equipment 


to prevent damp. 


Among the main zeolite minerals are analcime, 


chabazite, heulandite, laumontite, mesolite and 


natrolite. 


> Green apophyllite on stilbite. 


FACT FILE 


STILBITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: NaCa,Al;Si,3035.14H,0 


Hardness: 3/—4 


Density: 2.1—2.2 


Cleavage: Perfect 


Fracture: Uneven 


Colour: White, grey, pink, yellow, brown, reddish 


Streak: Colourless 


Lustre: Vitreous or pearly 


Fluorescence: None 
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A Stilbite with a pearly lustre. 


Stillbite is a member of the silicate group of 
minerals. It contains the elements sodium, calcium, 
aluminium, silicon and oxygen, together with 14 
attached molecules of water of crystallisation. 
Crystals of stilbite belong to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. Stilbite often 
occurs in sheaf-like aggregates and the crystals 
may grow together in the phenomenon known 
as twinning. Many of these twinned crystals 


resemble crosses. 


Most stilbite has a glassy (vitreous) lustre, 
although some specimens may have a pearly lustre 


on their cleavage surfaces. 
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? Stilbite is a zeolite mineral that occurs with other 
zeolites in cavities in basalt lava. These cavities, 
called vesicles, result from the gas bubbles in the 
cooling lava and represent the hollows occupied by 
this gas. They are ideal sites for mineral formation at 
any time after the basalt has cooled. In addition, 


stilbite is formed in some hot springs. 


Stilbite is found in many locations worldwide. 
Some of the finest specimens have been found in 
the Faroe Islands, in Iceland and around Poona 
(India). In the USA, there is plentiful stilbite in 
San Diego Country, California, and at Paterson, 


New Jersey. 


The main British occurrences of stilbite are 
in Scotland on the isle of Skye, at Kilmalcolm 


(Inverclyde) and in the Kilpatrick Hills. 


Basalt 


Basalt is the most widely 

2 we distributed rock on the surface 
ES ofthe Earth. It is also found 

on the Moon. 


black, but prolonged exposure to weathering 
may change their surface coloration to 
brownish red. 


F resh specimens of basalt are black or greyish 


Extrusive igneous rock 

Basalt is formed from molten lava which has flowed 
onto the surface of the Earth and solidified, typically 
in enormous sheets: basalt is therefore classified as an 
extrusive igneous rock. 

Basalt is widely distributed both on the 
continental land masses and, much more abundantly, 
on the ocean floor. Geologists have calculated that 
more than 90 per cent of all volcanic rocks are some 


A A microscope section (micrograph) through a 
specimen of basalt. The long crystals are plagioclase; 
the shorter, truncated crystals are pyroxenes. 
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BASALT 


Type: Extrusive igneous rock 


Essential components: Calcic plagioclase, pyroxenes and quartz 


Secondary components: Olivine and iron oxides 


Colour: Black, greyish black, brownish red 


Texture: Vesicular, amygdaloidal, equigranular, sometimes 
porphyritic 


Grain size: Fine 


Density: 3.3 


A One of the statues on Easter Island (Chile), a remote 
volcanic outcrop in the Pacific Ocean about 3600km 
west of the mainland of South America. The fascinating 
and mysterious statues found there were carved from 
local basaltic rock. 
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Basalt is an extrusive igneous rock that mainly 
occurs in ocean areas. It may form enormous 
plateaux, such as those in the Great Rift Valley of East 
Africa (where the African plate is in the process of 
splitting apart), the Deccan (India), the Faroe Islands 
(Norway), the Parana Basin (South America) and 
northwestern USA. 

Among the great basalt formations in the British 
Isles are the Giant's Causeway in County Antrim 
(Northern Ireland) and the Isle of Staffa (Scotland). 
Elsewhere, basalt may be seen in the following 
locations: Northern Territory (Australia); Germany; 
Iceland; Libya; the Baikal Rift (Russia); and Turkey. 

In the USA, there are extensive basalt areas along 
the course of the Columbia River (Oregon and 
Washington) and around the shores of Lake Superior 

; (Michigan and Wisconsin). The active volcanoes of 
Kilauea and: Mauna Loa in Hawaii emit fiery streams of 
lava composed of basalt. 
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form of basalt, and that basalt comprises more than 90 
per cent of all basic igneous rocks (those containing 
45—55 per cent total silica). 

Although basalt sometimes occurs in minor 
structures such as dykes and sills, it is most often 
found in vast sheets which may be thousands of 
metres thick. 


Similar rock 

Basalt has similarities to andesite, another widely 
distributed fine-grained extrusive igneous rock. 
Chemically, the principal difference between the 

two types is the amount of anorthite (a plagioclase 
feldspar) they contain: andesite contains less than 

50 per cent of this silicate of calcium and aluminium, 
while basalt contains more than 50 per cent anorthite. 

Basalt is nearly always darker than andesite, and 
this is one of the main physical distinctions between 
the two rocks. 

Basalt is often vesicular (full of gas bubble cavities) 
and these vesicles are frequently infilled with zeolites 
and other minerals to give an amygdaloidal texture, 
which is rare in andesite. 


Variant forms 

Individual basalts may vary quite widely in 
composition and are therefore divided into various 
categories, according to their location and mineralogy. 


Among the most important types are alkali basalt, 
mid-ocean ridge basalt (often abbreviated to the 
acronym MORB), olivine basalt and tholeiite. 


A The Organ, a basalt column 
formation on a cliff face near the 
Giant's Causeway in County Antrim 
(Northern Ireland). 


A The Giant's Causeway, County Antrim (Northern 
Ireland), which was formed when the continents of 
Europe and North America split apart about 60 million 
years ago. The resulting lava flows contracted on 
cooling to form 40,000 hexagonal basalt columns. 


Basalt contains more than 50 per cent anorthite, an 
end member of the anorthite-albite solid solution 
series. The other essential minerals are pyroxenes 
(usually augite), plagioclase feldspar and up to 10 per 
cent quartz. The most important accessory mineral 
is olivine, but apatite, hematite, ilmenite and 
magnetite may also be present. 

Basalt is often characterised by small spherical 
cavities (vesicles), many of which have been filled by 
other minerals to form amygdales. Though fine- 
grained, basalt may contain larger crystals 
(phenocrysts) within the groundmass. 


Industrial uses 
Basalts may be used to make road 
surfaces and railway ballast. They are 
also used as a raw material in the 
production of industrial abrasives, 
especially rock wool and fibre glass. 


4 Basaltic lava from an area of 

Idaho (USA) called the Craters of the 

Moon. Note the spherical cavities 
(vesicles) on the rock surface. 


Dolomite rock is a 

form of limestone 

that contains a 
high proportion of the 
mineral dolomite. 


n Britain, dolomite rock is often called dolomite, 

but as this causes confusion with the mineral of 

the same name, in the USA it is known as DOLOMITE ROCK 
dolestone. It is usually cream, grey or white, although Type: Chemical sedimentary rock 
it may be altered by weathering to brown or pink. Essential components: Dolomite, calcite 


The principal component of dolomite rock is Secondary components: Clay, quartz 

dolomite, a carbonate of calcium and magnesium. Colour: Cream, grey, white 
Texture: Often crystalline; can be porous 

Pre-existent limestone Grain size: Coarse, medium or fine 

Dolomite rock usually forms from pre-existent Density: 2.6—2.8 

deposits of limestone, a rock which contains calcium 


A A greatly magnified 
micrograph showing 
crystals of dolomite 
(black to grey) 
interspersed within 

a mass of orange 
limestone rock. 


4 A cliff face in the 
Mendip Hills, Somerset 
(England). Much of the 
limestone here has been 
dolomitised and altered 
to dolomite rock. 


» This greatly magnified 
image of dolomite rock 
shows clearly the 
individual crystals 

of dolomite. 


Chemical sedimentary rock 


v A specimen of the 
mineral dolomite, one of 
the principal components 
of dolomite rock. 


this metallic element appears in both the essential 
component minerals calcite and dolomite. 

Chief among the accessory minerals in dolomite 
rock are various forms of clay and quartz (silicon 
dioxide). Marcasite and pyrite may also be present: 
these forms of iron sulphide have an identical | 
chemical composition (FeS? but crystallise, | 
respectively, according to the orthorhombic and | 
cubic systems of symmetry. 

Dolomite rock shows only a weak and slow 
reaction when placed in cold, dilute hydrochloric 
acid: this is one of the most effective tests for | 
distinguishing it from limestone, which dissolves in 
the same acid with an effervescent fizz. | 


carbonate in the form of the mineral calcite 
(chemical formula CaCO3). 

At some stage, or stages, during its 
conversion into dolomite rock, this calcium 
carbonate is replaced by dolomite through a 
chemical reaction with circulating magnesium-rich 
waters. (Dolomite rock is alternatively known as 
magnesian limestone.) 

This process — the scientific term for which is 
dolomitisation — may occur either shortly after the 
original deposition of the sediment or sometime 
later when the rock is already well cemented. 


Dolomite rock is common and widespread in 
limestone deposits. It is often found in association 
with deposits of rock salt (halite) and gypsum. 
Although the limestone from which dolomite 
rock is formed may have contained fossils, these are 
almost invariably destroyed by dolomitisation. 
Extensive dolomite rock deposits are found in 
northeastern England, Saudi Arabia and at Bighorn, 
Wyoming (USA). 


Oil reservoirs Industrial uses 


As the rock is gradually converted from calcite to Dolomite rock is an important source of magnesium 
dolomite, it undergoes a 12 per cent reduction in oxide, a compound used as a medical antacid and in 
volume. This creates a highly porous rock which is insulating materials. It is also used as a refractory 


commonly a reservoir for oil and natural gas. material to line ovens and as a building stone. 
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‘Oolitic 


Oolitic limestone has a distinctive 
the appearance, and continues to form 
«2s. today in warm, shallow seas. 


olitic limestone is a widespread sedimentary 

rock. It may occur in a range of colours, 

especially browns and yellows, but it is 
predominantly cream. It is made up of innumerable 
tiny ovoid particles (ooliths), and the word oolitic 
comes from the Greek words oon, meaning ‘egg’ and 
lithos, meaning ‘stone’. 

Oolitic limestone has many features consistent with 
its being a sedimentary rock. It is stratified, and cross- 
bedding is often a characteristic structure. This is 
produced when grains of sediment are moved by 
currents in shallow marine conditions, and it is 
evidence of the environment in which the sediment 
was deposited. There is often a wealth of fossils in 


A A fragment of oolitic limestone. Chemical analysis is 
likely to reveal that it is mainly composed of calcium 
carbonate in the form of the mineral calcite. 


EHE t 
rine deposit which forms in 

warm, shallow, strongly agitated seas, especially in 
regions where oceanic waters flow onto warmer 
shallow banks. Constant agitation of the water 
promotes the formation of concentric layers of 
calcite around small sand grains or shell fragments 
to produce ooliths which are cemented together 
with calcite. 

A classic site where oolitic sediment is forming 
today is on the Grand Bahaman banks, where the 
warm, moving sea water is ideal. The Arabian Gulf 

A A specimen of oolitic limestone containing fossils. and the Red Sea have similar conditions. The Jurassic 
Although some of the individual grains may slightly system in England contains much oolitic limestone, 
exceed 2mm in diameter, the rock as a whole is especially in the Cotswold Hills of Gloucestershire. 
defined by its predominant grain size. 
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Sedimentary rock 


oolitic limestone. These include various molluscs such 
as ammonites, gastropods and bivalves, along with 
echinoderms and corals. 

Oolitic limestones are composed mainly of tiny 
egg-shaped particles. Typically about 1mm and not 
more than 2mm in diameter, these particles are 
formed by the precipitation of carbonate chemicals in 
concentric layers around a central nucleus, such as a 
shell fragment or a grain of quartz. They are generally 
found cemented by fine-grained calcite, which is a 


<A cut surface of oolitic 
limestone. Note the 
numerous rounded 
particles that are 
characteristic of this rock. 
Also clearly visible are 
some of the nuclei around 
which the ooliths have 
developed. This specimen 
was formed about 160 
million years ago during 
the Jurassic Period 
(France). 


form of calcium carbonate and the main mineralogical 
component of all limestone strata. 


Pisoliths 

Similar particles measuring between 2mm and 10mm 
in diameter are called pisoliths, from the Greek words 
pisos, meaning ‘pea’ and lithos, meaning ‘stone’. 
Pisolitic limestones are closely related to oolitic rocks, 
but they have been formed under slightly different 
conditions and are hence classified as a separate rock. 


Oolitic limestone is principally composed of calcite 
(calcium carbonate, chemical formula CaCo;). In 
addition, the ooliths may contain a nucleus of quartz 
(silicon dioxide). 
Oolitic limestone is a stratified sedimentary rock 
and often contains the fossilised remains of living — 
organisms, especially molluscs, brachiopods and | 
corals. | 
When dilute hydrochloric acid is placed on a | 
specimen, oolitic limestone will dissolve with an 
effervescent fizz as carbon dioxide gas is released. — 


OOLITIC LIMESTONE 


Type: Sedimentary rock 


Essential component: Calcite 


Colour: Mainly cream, sometimes brown or yellow 


Texture: Equigranular 


Grain size: Fine to medium 
Density: 2.65 


4 An enlarged photomicrograph of oolitic 
limestone. The areas between the ooliths are 
calcite (calcium carbonate). 
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On the mineral 
trail: Iran 


Iran occupies 

an area of 

approximately 

1,648,000 sq. km in — (armeni 

the Middle East. It Gg bees TURKMENISTAN 
is bordered in the A 

north by Armenia, | 

Azerbaijan, r 

Turkmenistan and A Mt Demavend 

the Caspian Sea, n 
in the east by 

Afghanistan and l ; 


e 
Pakistan, in the n 
n 
iz 
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Dasht-e Kavir 


Desert AFGHANISTAN 


Dasht-e Lut 
Desert 


south by the Gulf a 
of Oman, the Strait 

of Hormuz and the 

Persian Gulf, and 

in the west by Iraq 

and Turkey. 
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Major mineral deposits 


ne of the world's leading 
producers of petroleum, Iran 
contains about 10 per cent 


of the world's oil reserves, although 
much of that has yet to be exploited. 
The country also has large deposits 
of bauxite, chromite, coal, copper, 
natural gas, iron ore, lead and zinc. 


> Part of the Dasht-e Lut Desert 
near the border with Afghanistan. 
More than half of Iran's surface area 
is wasteland. 
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The lie of the land 

Iran is a country dominated by 
rugged terrain and subject to 
severe earthquakes. It is situated 
on a high plateau over 1000m 
above sea level and is surrounded 
on all sides by mountains with an 
average height of more than 
2000m. The only lowlands are 
located around the Karun River 
basin along the border with Iraq, 
the narrow coastlands along the 
Persian Gulf and the Gulf of 
Oman, and the marshy coast of 
the Caspian Sea. 

Over half of Iran's surface 
area is wasteland made up of 
uninhabited salt deserts. The 
two greatest deserts are located in 
central Iran: these are the Dasht-e 
Lut, which is largely covered with 
sand and rocks, and the Dasht-e 
Kavir, which is mostly covered with salt deposits. 

In the north are the Elburz Mountains, which are 
high volcanic peaks and include the country's highest 
point, Mount Demavend (5604m). The Zagros 
Mountains stretch from the border with central Iraq 
to join the Makran Mountains in the southeast. 


A Siltstone cliffs in the Dasht-e Kavir desert region in north central Iran. 
The rock face has been sculpted by wind erosion. 


The importance of oil 

Oil and natural gas are Irans most important 

natural resources. Oil production and exploration are 
concentrated in the southwest near Shiraz, but oil is 
also found around Qom, as well as in the offshore 
waters of the Persian Gulf. Current oil reserves are 
estimated at 98 billion barrels, and there are also large 
natural gas reserves which account for 12.6 per cent of 
the world's total. 

Oil is moved by pipelines to a sea terminal at 
Kharg Island in the Persian Gulf; from there, it is 
shipped in tankers to western Europe, Asia and Japan. 
Oil is refined mainly at Abadan, which in 2009 was 
producing 10 million barrels a day. There are smaller 


refineries at Esfahan, Shiraz, Tabriz and Tehran. 


Other natural resources 

Iran's other natural resources remain largely 
undeveloped, although there are important coal mines 
near Tehran and Esfahan — from which 971,000 
tonnes of coal are extracted annually — and closely 
associated deposits of iron ore which yield about 4 
million tonnes a year. 

Copper is found in a belt of small deposits 
stretching from the border with Pakistan to the border 
with Azerbaijan. Kerman is the centre of copper 
production, which averages 315,000 tonnes a year. 

Cement is manufactured in and around Tehran. 
Also produced for commercial use are chalk, gypsum, 
kaolin and ochre. Smaller quantities of other natural 
resources are found all over the country: these include 
alum, antimony, chromium, emeralds, magnesite, 
manganese, marble, mica, tin, turquoise and uranium. 


4 The oil refineries at Abadan, which had to be rebuilt 
after the bomb damage they suffered in 1980 during 
the Iran-Iraq war. 
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Karst scenery 


The term karst scenery is used by geologists to describe the characteristic 
appearance of a limestone region, including caves, gorges and 
underground streams. The name derives from the classic location of this type of 
terrain, a limestone plateau in the Karst region of the Dalmatian coast (Croatia). 


| s arst scenery is a landscape of limestone and 

dolomite rock, with crater-like sinkholes 

through which water drains to create barren 
ground. There is a notable absence of surface streams 
or lakes. Karst scenery is formed in regions where 
moderate to heavy rain falls onto surface limestone. 
Water drains into the ground along restricted 
pathways through well-defined joints, rather than 
penetrating the rock as a whole. 


A cycle of erosion 

Like all geological features, karst scenery is subject to 
a constant cycle of erosion. Thus it is impermanent, 
even though it may last for millions of years. 

The cycle begins when streams of slightly acidic 
water eat into the surface of the original rock, 
eventually forming a grooved and jagged terrain 
known as a limestone pavement. 


Dolines 

A typical feature of this type of scenery are the 
sinkholes through which water drains away below 
the ground. These holes gradually become wider and 
deeper until they form depressions known as 
swallow-holes or dolines (from the Russian dolina, 
meaning ‘valley’). 


A Dry valleys and gorges 
are typical features of a 
karst landscape (Cheddar, 
England). 


< A limestone pavement 
in northern Scotland. The 
ridges (clints) and clefts 
(grikes) in the rock are 
the result of chemical 
weathering by acidic 
rainwater. 
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Karst scenery 
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< Typical barren karst 
scenery in the Dolomite 
Mountains of the Tyrol 
(Italy). 


v Asinkhole in the 

limestone pavement 
on the Totes Giberge 
mountains (Austria). 


vv In karst landscapes, 
streams frequently 
disappear into caves and 
then flow underground 
for some distance before 
reappearing on the 
surface when they reach 
impermeable rock 
(Sutherland, Scotland). 


The largest such depressions may 
cover many square kilometres. These 
poljes, as they are called, are steep 
sided, and small hills may sometimes 
be found on their flat floors. 


The ages of karst 

Geologists have used the terms ‘youth’, 
‘maturity’ and ‘old age’ to describe the 
progress of the development of karst 
scenery. In the mature stage, water 
draining undergound may eat out the 
limestone to form large subterranean 
caverns and galleries. Excess lime taken 
by the water from the surface rock 
may be deposited in these caverns, to 
create stalactites and stalagmites. 


Uvalas 

In old age, these caverns may collapse, 
exposing underground streams. 
Dolines that have up to this point been 
separate may join up to form larger 
depressions known as uvalas, which 
may be up to 300m in diameter. The 
land is gradually worn away as water 
drains across the surface, and 
eventually nearly all limestone is 
removed from the scene. 


Famous examples 

Karst scenery may be observed in many 
parts of the world. Some of the finest 
examples are in Kwangsi (China), the northern increases the acidity of the soil. A notable example 
Pennines (England), the Causses (France), the Yucatan of this kind of karst scenery is the Cockpit Country 
Peninsula (Mexico), and Florida and Kentucky (USA). of Jamaica. Here the sinkholes (cockpits) may be up 
In tropical locations, limestones may weather very to 200m deep and some of them are more than 
quickly because the rapid decay of vegetation greatly 400m across. 


What are rocks? 


A rock is defined as an aggregate of mineral particles. 
Rocks make up much of the Earth's crust and mantle, and can vary from 
being hard and solid to being a loose mass 
of incoherent sediment. 


here are three categories of 

rocks: igneous, sedimentary and 

metamorphic. This classification 
is based on the origin and formation of 
the rocks, and within each category 
important features are used to refine 
the system further. These features 
are the texture of the rock and its 
composition. Texture is the size and 
shape of the rock's constituent mineral 
grains and their relationship with each 
other; composition refers to the mineral 
and chemical make-up of the rock. 


Igneous rocks 
Igneous rocks are formed when magma 
or lava cools. Magma is molten rock 
below the Earth's surface; lava is the 
same material on the surface. As 
magma or lava cools, various mineral 
crystals form. These include silicate 
minerals such as feldspar, amphibole, 
pyroxene, mica and olivine, and the 
oxide of silicon — quartz. 

Different igneous rocks have 
particular combinations of some of 


Y A diagram showing the different 
layers of the Earth. For further details 
about our planet's innermost 
secrets, see The Story of the 
Earth 93. 


Crust (0-30km) 
Upper mantle (30-400km) 


: i Lower mantle (400-2900km) 
A The Dolomite Mountains (Italy). As 


their name suggests, they are formed 
mainly from light-coloured dolomite 
limestone. This fairly soft rock has been 
widely eroded to form jagged, saw- 
edged ridges and large pebble deposits 
(screes) of limestone debris. 


Outer core (2900-5120km) 


Inner core (5120-6370km) 
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What are rocks? 


A The Grand Canyon (Arizona, USA) owes much of its 
distinctive appearance to wind and water erosion. 


these minerals. Granite, for example, contains much 
feldspar, mica and quartz, while basalt is mainly 
composed of feldspar and pyroxene. 

The texture of igneous rocks varies according to 
how long it takes the magma or lava to solidify. If a 
body of magma cools slowly (perhaps over millions 
of years) deep underground, large crystals will grow 
in the forming rock, but only very small crystals 
occur when lava cools rapidly. 


Sedimentary rocks 

These rocks form on the Earth's surface and some 
of the processes which create them can be observed. 
Many sedimentary rocks result from the deposition 
of sediment which has been weathered and eroded 
from previously formed rocks. This deposition is 
mainly on the sea bed, but can also be on land and 


in lakes. 


Stratification 

One of the main features of sedimentary rocks is 
their stratification or bedding, which can readily be 
seen in cliff faces. They are also the rocks in which 


DISCOVERY 


fossils are preserved. Sedimentary rocks made of 
eroded and deposited material include conglomerate, 
breccia, sandstone and shale. These are known as 
detrital sedimentary rocks. 

Many limestones are organic rocks, as they are 
composed of the remains of animals such as shellfish 
and corals. Coal is also an organic rock. Chemically 
formed sedimentary rocks include rock salt and 


rock gypsum. 


Metamorphic rocks 

There are two main groups of metamorphic rocks: 
those formed by heat alone (contact metamorphism) 
and those formed by heat and pressure (regional 
metamorphism). 

Contact metamorphism occurs when heat from 
magma or lava affects pre-formed rocks. Sandstone 
is changed into meta-quartzite and limestone into 
marble. Other contact rocks include hornfels, which 
is formed when volcanic tuff is altered. 

Regional metamorphism occurs over very wide 
areas. Slate is produced at low pressures, schist at 
medium pressures and temperatures, and gneiss 
under the highest pressures and temperatures. These 
rocks all have a new structure, ranging from cleavage 
in slate to a coarse banding in gneiss. 
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Porphyry 


with this issue 


Anorthosite — pale 
coloured igneous rock 


Migmatite — a mix of 
two rocks 
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Porphyry is any igneous rock 
with distinct crystals embedded 
in a finer-grained groundmass. 


meaning ‘purple stone’, was the name 

given to one particular reddish purple 
rock. Today, however, the term porphyry 
is used more generally in English to 
describe any igneous rock, regardless of 
colour, which is made up of large crystals in 
a finer-grained matrix. 

The difference in size between the distinct 
crystals (phenocrysts) in porphyry and the 
groundmass crystals in which they are embedded is 
relatively large. 


È the ancient world, the Greek porphyrites, 


FACT FILE 

Variable grain sizes 
In fine-grained rocks such as andesites and basalts, PORPHYRY 
for example, the groundmass crystals are too small Type: Igneous rock 
(less than 0.5mm in diameter) to be seen with the Essential components: Feldspar, mica, quartz, pyroxene, amphibole 
naked eye. The largest phenocrysts may be only about Secondary components: Olivine, tourmaline 
2mm in diameter, but they are still much bigger than Colour: Variable, depending on original magma type 
the components of their groundmass, and the rocks Texture: Porphyritic 
that contain them are thus classified as porphyry. Grain size: Fine to coarse 

Medium-grained rocks such as microgranite have Density: 2.7-3.3 
groundmass crystals of 0.5-5mm in diameter; coarse- 


A A specimen of rhomb 
porphyry, a porphyritic 
microsyenite from minor 
intrusions. It is composed 
of large feldspar crystals 
in a darker groundmass. 


4 Rapakivi granite. This 
porphyry, named after the 
area of Finland in which it 
is quarried, may be cut 
into slabs and polished 

to make the ornamental 
facades of buildings. 


> Porphyritic 


trachyte. The large 1 SN i paon a ORIGINS and 
white crystals are — & : i A » DISTRIBUTION 
feldspars formed * : "à 

from magma; 
the surrounding 
finer-grained 
groundmass 

is composed 

of minerals 
crystallised 
from lava. 


Porphyries are igneous rocks 
formed when subterranean 
magma cools in two or more 
distinct phases. The first stage 

is slow, allowing time for the 
formation of large crystals; the 
second phase is rapid, and it 

is during this period that the 
surrounding groundmass crystals 
are formed. 

Porphyries are common in 
many parts of the world. Some 
of the finest examples are found 
in the Lake District (England) 
and in Finland. 


> Quartz porphyry, 
an attractive 
variety of 
microgranite 
containing 
numerous 


large crystals == s - 
(phenocrysts) of The main characteristic of 


feldspar group ' , am it porphyry is that it is composed of 
relatively large crystals set in a 
finer-grained equigranular 
groundmass. 

The larger crystals 
(phenocrysts) are usually well- 
formed. They have good crystal 
form because when they were 
crystallising in molten magma 
: * x; d ; £T . they were not confined. Also, 
> Porphyritic A p % “ee CAO they had plenty of time in which 
andesite with - rero A 4 aaa P. to form as the magma cooled 
feldspar TP tod slowly. These phenocrysts are 
phenocrysts. These | , j ; ; ` tm . generally of minerals which make 
crystals, which i ce ds co "m Ww. T "win. up the remainder of the rock, 
were already ^o! D 3e 3 commonly plagioclase, pyroxene 
formed in the A MG wie! le en and olivine. 
magma, have been IS É bios Ns | Different types of porphyry 
made to point in ; A > = are sometimes named after 
the same direction T dd "M i jn characteristic phenocrysts or 
(oriented) by the Dey = EY _ their shape - for example, quartz — 
flow of lava during PEZ ae — f | porphyry and rhomb porphyry. | 
volcanic activity. . " iu | , m = | 


minerals and 
quartz. These rocks 
are often found in 
minor igneous 
intrusions such as 
dykes and sills. 


grained rocks such as granite have crystals larger magma is then erupted onto the Earth's surface as 
than 5mm across: for either rock to be classified lava during a volcanic eruption, it will cool quickly, 
as porphyry, the phenocrysts it contains must forming a fine-grained rock containing the existent 
be noticeably larger than the crystals of the phenocrysts, to produce porphyritic rock. 
surrounding groundmass. 


Beautiful examples 
Basalt porphyry Intrusive igneous structures such as batholiths and 
Porphyry is formed from molten magma which has plutons may take millions of years to solidify from 
cooled and crystallised in at least two major stages. magma into rock. During this time, some develop into 
While the magma is underground, it begins to cool porphyritic rocks with beautiful colours and patterns. 
and crystals start to form. Within the fluid magma, The finest of these are used to make decorative slabs 
these crystals are able to grow to a good size. If the and the ornamental facades of buildings. 


Anorthosite 


p This igneous rock is 
Re DN commonly light in colour 
SALA and largely composed 
of plagioclase feldspar. 


northosite is usually white or 

light grey. Its name comes from 

anorthite, the main plagioclase 
feldspar mineral of which it is composed. 

Anorthosite is an unusual igneous rock 

for a number of reasons. There are just a few 
igneous rocks which are composed mainly of 
one mineral, and anorthosite is one of these, up 
to 90 per cent of it being plagioclase feldspar. 
This is commonly anorthite, the calcium-rich 
end member of the plagioclase solid solution 
series. However, some varieties of anorthosite are 
rich in labradorite. This form of plagioclase is 
characterised by its shimmering play of colours 
called schillerisation. (Another monomineralic 


v Typical anorthosite-rich terrain (Piedmont, Italy). 


A Light grey anorthosite (Minnesota, USA). 


rock is dunite, a dark, ultrabasic rock made 
almost entirely of olivine.) Anorthosite also 
contains pyroxene, olivine and iron minerals 
such as magnetite. 


Intrusive igneous rock 


MINERALS PLUS 


Coarse-grained 

This rock is coarse-grained, its component crystals 
being at least 5mm in diameter and usually much 
more than this. Anorthosite occurs in what are referred 
to as layered igneous complexes. When magma begins 
to cool, certain minerals form at high temperatures 
and others at lower temperatures as the cooling 
progresses. If che temperature at which a given mineral 
crystallises is maintained for some time it may 
accumulate as a layer within the magma. 


Extrusive and intrusive 

Fine-grained igneous rocks, which form from lava 

on the surface of the Earth, are said to be extrusive. 
Intrusive igneous rocks form at great depth and are 
coarse-grained. Igneous rocks that form between these 
two extremes are described as hypabyssal. 


No equivalent 

Many rocks of each type — intrusive, extrusive and 
hypabyssal — have equivalent forms in the other two 
categories. Anorthosite, however, is an exception to 
this general rule: it is an intrusive igneous rock with 
no extrusive or hypabyssal equivalents. 


v Weathering may cause some anorthosites to develop 
a slight apricot coloration like this. 
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ANORTHOSITE 


Type: Intrusive igneous rock 


Essential components: Plagioclase feldspar (usually anorthite) 


Secondary components: Chromite, ilmenite, magnetite, 
olivine, pyroxene 


Colour: White, light grey 


Texture: Crystalline 


Grain size: Coarse 
Density: 2.8 


> Anorthosite containing a large blue crystal of 
labradorite, a plagioclase feldspar. The distinctive play 
of light displayed by labradorite is caused by inclusions 
of the mineral magnetite and is known as 
labradorescence. 


Although anorthosite is less abundant than basalt or 
granite, it sometimes occurs in immense complexes. 
It forms either in layered igneous structures or in 
large, isolated intrusions. Anorthosite dykes do 
occur but are very rare. 

Anorthosite is found in the following locations 
worldwide: Newfoundland and the Laurentian 
Mountains, Quebec (Canada); Skaergaard (Greenland); 
central Norway; the Isle of Harris (Scotland); Bushveld 
(South Africa); the Great Dyke (Zimbabwe). 

In the USA, there is extensive anorthosite in the 
Adirondacks (New York), the Duluth Complex 
(Minnesota) and at Stillwater (Montana). 


The one essential mineral component of all 
anorthosite is plagioclase feldspar, the collective 
term for members of the albite-anorthite solid 
solution series. The crystals found in anorthosite are 
seldom less than 1cm in diameter, and the largest 
measure more than 1m across. 

Among the most important accessory minerals 
are the following: chromite (iron chromium oxide); 
ilmenite (iron titanium oxide); magnetite (iron 
oxide); olivine (magnesium iron silicate); and 
pyroxenes (a complex group of silicates). 
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Dolerite 2 


Dolerite is an intrusive igneous 
rock that is similar to basalt but 
has larger grains. 


e 
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olerite — or diabase, as it is 

known in the USA — is a 

common rock usually found 
in minor igneous intrusions such as 
sills and dykes. It is generally dark 
grey or greenish in colour, but some 
specimens are speckled dark and 
light. Dolerite is a rock of basic 
composition and is also referred to 
as a mafic rock. 


Mineral content A Two-toned dolerite. The original colour is grey, but the brown area at the 
Dolerite is a basic, medium-grained front has been altered by weathering 


€ igneous rock. Basic rocks contain 
ORIGINS and DISTRIBUTION 


between 45 and 55 per cent total 
silica (intermediate rocks have 
55—65 per cent, acid rocks more Dolerite forms as magma cools in minor intrusions in the Earth's crust. 
than 65 per cent and ultrabasic These intrusions are usually in the form of sills and dykes which occur at 
rocks less than 45 per cent). no great depth. The magma solidifies and cools quite quickly, producing 
medium-grained crystals. 
Dolerite is found worldwide, including the following regions: Karroo 


The mineral content of dolerite 
is relatively simple, as about half is 

(southern Africa), Tasmania (Australia), Nipissing (Canada), northeastern 
England and New Jersey (USA). 


composed of plagioclase feldspar 
and half of pyroxene, often augite. 
Dolerite can contain up to 10 per 


DOLERITE 


Type: Intrusive igneous rock | 
| 


Essential components: 
Plagioclase feldspars, 
pyroxenes, some quartz 


Secondary components: 
IImenite, magnetite, olivine 


Colour: Greenish, dark grey | 
Texture: Equigranular | 
Grain size: Medium | 
| 
| 


Density: 3.3 


4 An outcrop of dolerite 
protruding from the 

surface of a flat plain in 
the Pilbara region of | 
western Australia. | 


cent quartz as well as iron minerals such as magnetite 
and some olivine. 


Grain size 

This composition is largely that of both gabbro and 
basalt, but dolerite differs from these related rocks in 
grain size. Gabbro is coarse-grained (its crystals are 
over 5mm in diameter) and basalt fine-grained (its 
crystals are less than 0.5mm), while dolerite is 
medium-grained (crystal diameter 0.5mm to 5mm). 


Dykes and sills 

Medium-grained rocks occur at a shallow depth 
within the Earth's crust, usually in small (minor) 
intrusions. Dolerite is a very common rock in both 
dykes (sheets of igneous rock which cut across 
existing strata) and sills (sheets which run in line 
with local strata). Such shallow, minor intrusions are 
referred to as hypabyssal intrusions. 

Dykes often occur in great numbers where 
fractures in the Earth's crust associated with volcanic 
activity have been filled in from below by magma. 
These great masses of dykes are called swarms. 

Because dolerite is a very hard, compact igneous 
rock it is often quarried for use as road stone and 
railway ballast. 


» The light, shiny crystals visible on the surface of this 
dolerite are made of plagioclase feldspar. 


v An extensive outcrop of dolerite on the banks of 
the Oliphant River in South Africa) 
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CHARACTERISTICS 


Dolerite is a basic igneous rock and its main minerals á 
are plagioclase feldspar and pyroxene. It may also 
contain up to 10 per cent quartz. Other component 
minerals in the rock include magnetite, olivine and 
ilmenite. If the rock contains much olivine, it can be 
called olivine dolerite. 

Dolerite is medium-grained and the mineral 
crystals in it can be easily seen with the naked eye, 
although a hand lens of 10x magnification is useful 
for detailed study. It is usually an equigranular rock, 
with all crystals being about the same size. 


Migmatite is a mixed rock 
containing two pre-existent 
rock types that have 
interacted but remain distinguishable. 


igmatite contains distinctive stripes or 
bands. The darker colours (typically 
greens and blacks) are made of the host 
material, while the lighter areas (grey, pink and 
white) are granite of more recent formation. 
The name comes from the Greek migma, 
meaning ‘mixture’. 


Metamorphism 

Migmatites form under conditions of extreme heat 
and pressure and are classified as metamorphic 
rocks. The dark areas of migmatite are the rocks 
which existed before the metamorphism began (host 
rocks) — these are typically gneisses and schists. 

The light areas of migmatite are principally 
granitic and may originate in a variety of ways: some 
are formed by immense heat which has partially 
melted the least resistant of the host rocks; others 
result from magma or hydrothermal solutions which 
have entered the host rock during metamorphism. 


Migmatite 


A Migmatite rock showing banding. 


« A specimen of migmatite rock. Here, the two 
constituent rocks are extensively mixed rather 
than being sharply defined. 
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MIGMATITE 


Type: Metamorphic rock 


Essential components: Biotite, feldspars, pyroxenes, amphiboles, quartz 


Secondary components: Apatite, magnetite, zircon 


Colour: Green, black, grey, pink, white 


Texture: Crystalline 


Grain size: Medium to coarse 


Density: 2.8 


“Metamorphic rock - 


Rock fabric 
The heat and pressure under which migmatite is 
formed may be so great that all traces of the original 
texture and structure (the fabric of the rock) are 
obliterated and the resulting rocks develop entirely 
new structures. 

While they are forming, migmatites pass through 
a plastic stage during which their consistency may 
resemble that of toothpaste: it is during this phase that 
they develop their characteristic flow folds. 

When traces of the original rock remain, 
migmatite is sometimes known by the alternative 
name nebulite; if all traces of the pre-existent rocks 
have been obliterated, the resultant migmatite may be 
known as anatexite. 

When the host rock and the new material create a 
network of veins throughout the body of the rock, this 
form is known as agmatite. 


A An outcrop of 
migmatite rock, 
formed from dark grey 
Malmesbury rock and 
light grey intrusive 
granite (Cape Town, 
South Africa). 


» Durango in the 
Colorado Mountains 
(USA). The rocks that 
make up the highest 
parts of the mountain 
range are chiefly 
migmatites. 


BREL EJ n 
The most important mineral components of the 
dark areas of migmatite are biotite, pyroxenes 
and amphiboles. The pale bands of this rock are 
composed principally of feldspars and quartz. 
The most important accessory minerals in 
migmatite are apatite (calcium fluorophosphate), 
magnetite (iron oxide) and zircon (zirconium silicate). — 
Migmatite is characterised by its alternating 
light and dark bands, which frequently have highly 
contorted and folded structures. The fact that this | 
crystalline rock shows these features suggests that it 
was in a very viscous state at the time of formation. 


Most migmatites form in extensive areas of 
high-grade metamorphism. They are also 
sometimes found in contact zones close to 
large masses of granite. 
This rock usually occurs with other high grade 
metamorphic rocks of extreme age. Many areas of 
Pre-Cambrian rock are rich in migmatite and the 
closely related rock gneiss. At that time (possibly 
more than 3000 million years ago) the deeper regions 
of the Earth's crust were much hotter than they are 
today and highly altered rocks were formed. 
Migmatite is widespread throughout the world. 

In Britain, it is found to the west of the Moine Thrust, 
which extends from Loch Eriboll to the Isle of Skye 
(Scotland). In other parts of the world, some of the 
most striking migmatites may be seen in Canada, 

3 Finland and the Massif Central (France). 


-- 


GROUNDWORK 


On the mineral 
trail: Thailand 


Thailand occupies 
an area of about 
513,115 sq. km in 
southeast Asia. It 
is bordered to the 
northeast and 
east by Laos, to 
the southeast by 
Cambodia, to the 
south by Malaysia 
and the Gulf of 
Thailand, and 

to the west by 
Myanmar (Burma) 
and the Andaman 
Sea. The country 
has a long 
coastline of 
about 2400km. 


hailand is divided 
topographically 
into five distinct 


areas: the northern 
highlands, the central 
plains, the northeastern 
plain, the southeast, and 
peninsular Thailand. 
The north is a 
highland area which 
comprises a series of limestone mountain ranges. 
These include the country’s highest peak, Doi 
Inthanon, which rises to 2595m. The northern 
highlands are deeply cut by the rivers Ping, Wang, 


Indian Ocean 


[3 Major mineral deposits 


Yom and Nan, four head-waters of the Chao Phraya 
River. The highlands become much less rugged 
towards the south, where they merge into the plains 
of central Thailand. 
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The central plains are alluvial 
lowlands, about 390km wide 
and 290km long, formed by an 
accumulation of silt and clay from 
the Chao Phraya and the lesser Mae 
Klong River. The Bangkok Delta 
plain is the economic heartland of 
the country. The Chao Phraya is a 
significant waterway to the Gulf of 
Thailand and provides excellent 
deep water for wharf and dock 
installations in the country's 


capital, Bangkok. 


Sandstone and shale 
Northeast Thailand is an elevated 
plain known as the Khorat Plateau, 
which is about 400km in diameter 
and rises to a height of 185m. A 
surface of horizontal sandstones and 
shales provides soils which are usually waterlogged in 
the rainy season and parched in the dry season. 
Southeast Thailand is separated from the rest of 
the country by the steep and densely forested Phanom 
Dongrak mountain range. Rain forests and mountains 
are also abundant in the mineral-rich peninsular 
region, which occupies the Isthmus of Kra and 
extends 800km south from the Bangkok Delta 
to the Malaysian border. 


Mineral resources 

Tin ore has long been one of Thailand's most valuable 
mineral resources. It is found mainly in peninsular 
Thailand, on the island of Phuket and in the Takua 
Pa valley in Phangnga Changwat. In 2002 tin ore 
production was almost 2000 tonnes (metal content); 


A Salt (halite) is extracted at salt 'farms' like these in peninsular Thailand. 


however, tin production has been steadily declining 
due to falling world prices. 

Thailand has many other natural resources. In 
2003, these included antimony, ball clay, barite, 
bentonite, copper, diatomite, dolomite, feldspar, 
fluorite, gold, gypsum, halite, iron ore, kaolin, lead, 
limestone, manganese, marl, phosphate, potash, 
quartz, rock salt, silica sand, tungsten and zinc. 


Precious gemstones 

Rubies and sapphires are mined extensively in central 
Thailand and on the east coast of the peninsula. 
Thailand has become the world's main source of 
rubies. Thai rubies are brownish red and occur in 
igneous and metamorphic rocks or as waterworn 
specimens in alluvial deposits. 


A Typical Thai houses built on stilts to avoid flooding from the river during the rainy season. 


e The genesis of rocks 


All rocks on Earth may be said to have formed through one of three 
processes: igneous activity, sedimentation or metamorphism. However, the cyclic 
nature of geological activity ensures that rocks which are now classified in 
any of these categories have originated as igneous rock. 


gneous rocks are 
i formed from molten 

material which 
originates deep inside the 
Earth. When this material 
comes out on the surface, 
it is called lava; when it 
remains underground, it is 
known as magma. 


igneous structures 
Some molten material 
comes close to the surface 
but remains underground: 
these structures are known 
as igneous intrusions. 
Extrusive rocks are those 
that have formed on the 
surface. 


Sedimentary rocks 
Many sedimentary 
rocks are formed by the 
deposition of grains of 
sediment which have been 
derived from pre-existent 
geological material. Rocks 
formed in this way are 
called clastic or detrital 
deposits. Sandstone is a 
well-known example of 
this type. 

Sandy shores and 
mudflats represent 
the early stages in the 
formation of these rocks, 
as do the clays and other 


> The intrusive igneous 
rocks of the peaks of 
Badile and Cengalo in the 
Italian Alps were originally 
formed deep in the 
Earth's crust, but 
weathering and erosion 
have exposed them. 


sediments on the deep 
ocean floor. Sediment of 
this type becomes rock as 
the result of various 
processes. 

Minerals such as 
quartz and hematite can 
be formed between the 
grains of sediment, acting 
as a cement, and pressure 
from the weight of many 
thousands of metres of 
overlying sediment can 
cause grains to be 
dissolved around their 
margins and so to fit 
more tightly together. 

Some sedimentary 
rocks are formed by 
chemical processes. Saline 
water in a lagoon or land- 
locked basin may dry out 
and evaporate. As this 
occurs, layers of evaporite 
minerals including rock 
salt, sylvite and rock 


< Volcanic craters such 
as this create extrusive 
igneous rocks (Azores, 
Portugal. 
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A Terraces of sedimentary deposits that were 
formed around the Mammoth Hot Spring in 
Yellowstone National Park, Wyoming (USA). 


gypsum are created, often interbedded with clay. 
Organic sedimentary rocks are those containing 
much material derived from living things. Coral and 
crinoidal limestones are in this category, as are chalk 
and coal. 

One of the main features of sedimentary rocks that 
sets them aside from other rocks is their stratification 
or bedding. Most sediment is deposited in distinct 
layers on the sea bed and this layering survives when 
the soft sediment is 
converted into rock. 


Metamorphic rocks 
Metamorphic rocks are 
rocks which have been 
altered by the action of 
heat and/or pressure. 
Igneous, sedimentary and 
previously formed 
metamorphic rocks may 


> The sedimentary 

rocks of the Sinai Desert 
(Egypt). The dunes in the 
foreground have been 
created by the erosion 
and deposition of sand 
from the surrounding 
hills. 


DISGOVERY | 


be metamorphosed by these forces. When rock is 
buried to great depths, the weight bearing down 
upon it may be such that the pressure makes even the 
hardest rocks plastic, and this has an effect on their 
crystals and the fluids they contain. 

The fluids (which are now hot) may react with 
mineral grains to produce new minerals with entirely 
different characteristics. When this form of alteration 
affects vast expanses of rock, it is known as regional 
metamorphism. 

Contact metamorphism occurs when direct heat 
from molten igneous rock affects neighbouring rock. 
This usually takes place over a relatively small area. 


e Geosynclines 


Geosynclines are enormous depressions which may extend for hundreds 
of kilometres across the ocean floor. Accumulated within these depressions 
are thousands of metres of sediment and volcanic material 
which will ultimately form rock. 


eosynclines are deep-lying submarine troughs 
‘ez which slushy sediments fall from the 

surrounding continental shelf. Rock fragments 
may also accumulate in them after having been 


dislodged by erosional forces, underwater earthquakes 
or landslides. 


Turbidity currents 

Once loosened, these particles fall into the geosyncline 
by gravity. The great masses of sediment-laden water 
thus created are known as turbidity currents. These 
currents cannot be observed because they occur deep 
beneath the ocean surface, but evidence of their 
existence is found in sediments that make up the 
bottom of the geosyncline (the abyssal plain). 


© Bedding evidence 
Much of the sediment formed in a geosyncline 
contains evidence of how it was deposited. Each flow 
of sediment into very deep water erodes the top of 
the previously deposited material. This is because the 
bottom of each mass of sediment contains small rock 
fragments which make grooves in the mud on the sea 
bed. These grooves remain as evidence of the direction 
of the flow and can be found on the bedding planes of 


hard rock millions of years after they were formed. 


A Slate, which is the 
metamorphosed form of 
shale, a rock made from 
mud deposited in a 
geosyncline. 


4 Alternating sandstones 
and shales. These rocks 
have been subjected to 
post-geosynclinal folding 
in a former mountain 
chain (north Devon, 
England). 
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A Pillow lava from a 
geosyncline (Anglesey, Wales). 


> Pillow lavas with chert 
(Padstow, Cornwall, England). 


The particles in 
turbidity currents eventually 
settle on the abyssal plain. 
Later, the pressure of 
subsequent, overlying layers 
of sedimentation consolidates 
them into sedimentary rocks, 
especially greywacke and shale 
strata: rock sequences of this 
type are known as turbidites. 


Pillow lavas 
The weight of this 
accumulated sediment causes 
progressive down-warping of the crust, allowing 
further sedimentation to take place. Meanwhile, the 
geosyncline structure may be bent under pressure until 
it cracks. This creates underwater volcanoes through 
which hot molten magma flows from the Earth’s upper 
mantle. On coming into contact with cold water on 
the ocean floor, this lava cools extremely quickly to 
form a skin-like layer. The result of this process is 
pillow lava — pillow-shaped masses. 

Among the most striking features of geosynclines 
is their sequences of sedimentary and volcanic rocks. 
One of the finest examples of an ancient geosyncline 
may be found in the Lower Palaeozoic rocks which 


DISCOVERY 


form outcrops from the Scottish Highlands to 
Shropshire (Britain). 


Plate tectonics 

For many years, scientists believed that geosynclines 
were the necessary precursors of all mountain belts. 
This was before the development of plate tectonic 
theory, according to which mountains can be created 
from the sediment and other material in deep ocean 
trenches related to subduction zones. These trenches 
occur where an ocean plate is moving below a 
continental plate and may be regarded as the real 
explanation of what geosynclines are. 
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in spots 


Chlorite schist — regional 
metamorphic rock 


7 x Ln 
ue | DeAGOSTINI $ed € akt: 


TREASURES Mise m 


———AÀE THE n * Ask your newsagent to reserve future 


issues for you to collect on 
a fortnightly basis. 
* Receive your issues by post. 


THE MINERAL AND GEMSTONE COLLECTION Ring the order line for more information: 
UK and Ireland: 0845 1489 253 


Contents Issue 77 Australia: (03) 9872 4000 


New Zealand: (09) 308 2871 
South Africa: (011) 265 4304 


Serpentinite SE 


* Or visit the De Agostini website at: 


Chlorite schist CH UK: www.deagostini.co.uk 
AUS: www.deagostini.com.au 
Leopard stone LE SA: www.deagostini.co.za 


. i NZ: www.deagostini.co.nz 
Peridotite PE 


Missed a copy? 
Ring Customer Services 


i . WORK 
; A UK: 0845 1489 250 


" n. : T Australia: (03) 9872 4000 
On the mineral trail: Colombia 111-112 New Zealand: (09) 308 2871 


South Africa: (011) 265 4304 


DISCOVERY. 
Intrusive rocks 179-180 | Gf organise your 
A Cit magazines in these 
specially designed 
binders. 


Visit the De Agostini 


JM website or ring 
This product is not a toy. After handling, wash hands with plenty of water. Tn ts AL Customer Services 
Avoid contact with mouth. Keep out of reach of small children. 357 for details 


Magmatic rocks 181-182 


Specimen supplied with this issue 


PICTURE CREDITS: Alamy: FC(cr), Minerals LE I (tr); DeA Picture Library: FC(br), 


Minerals CH | (b), 2(b), LE 2(tl), PE, Discovery 179(tr), 180(t), 181, 182(t); Eye 

i N i U E Ubiquitous: Groundwork 1 I 2(c); GeoScience Features: FC(main), Minerals SE 
\(tr), LE 1 (b); Jupiter Images: Groundwork || 2(t); Chris and Helen Pellant: 
Minerals CH I (tr), 2(cr); Public Domain: Discovery 180(c); Science Photo Library: 


r E 
D ASUR S t Minerals LE Zibr), Discovery 179(br); Shutterstock: Discovery 182(c). Every 
TR TREAS ATY INGU | ET. 


effort has been made to trace copyright holders of the pictures used in this issue. 
Anyone having claims to ownership not identified above is invited to contact De 
Agostini UK Ltd. 


COLLECTION p*. 4 iis Editorial and Design by The Brown Reference Group Ltd 
| ERAL AND GEMSTONE j : : ISBN 978-1-4439-0239-7 N77 10 03 17 
| THE MIN gus um TU RR Printed in the EU 


N © 2010 De Agostini UK Ltd, 
: À Griffin House, 161 Hammersmith Road, London W6 85D 
© 2010 De Agostini Editore SpA 


Find out about amphibolite, 

calc-silicate rocks and 
greywacke, and discover 
how extrusive rocks are 
formed 


..and more! 


| MINERALS PLUS © SEZ 


Some specimens 
of this rock have 
attractive red 
and green colouring 
and are carved 
ornamentally. 


erpentinite is an 
altered igneous 
rock which can 
be veined and streaked 
with a variety of colours 
including red, green, 
black and grey. The mineral name serpentine refers to 
a group of fibrous silicate minerals found in the rock. 
SERPENTINITE 
Composition Type: Altered igneous rock 
Serpentinite has been classified as both an igneous Chemical composition: Ultrabasic 
and a metamorphic rock, with the composition of an Essential components: Antigorite and chrysotile 
ultrabasic igneous rock. It contains less than 45 per Secondary components: Augite, chromite, garnet, hornblende, olivine 
cent total silica. Colour: Red, green, black, grey 
Texture: Coarse- to medium-grained 
A > A typical specimen of grey serpentinite rock. Structure: Bands and veins 
Density: 2.6-3.3 
v Lizardite - an attractive green form of serpentinite. 


CHARACTERISTICS "t 


Serpentinite is a medium- to 
coarse-grained ultrabasic rock, 
usually with a banded and veined 
structure. It is generally dark in 
colour with green, black and 
reddish patches. 

Its main minerals are those of 
the serpentine group, especially 
antigorite and chrysotile. Both 
are hydrous silicates: antigorite 
containing magnesium and iron, 
and chrysotile containing 
magnesium. Olivine may also 
occur in serpentinite, along 
with the amphibole mineral, 
hornblende, and the pyroxene, 
augite. When present, garnet 
gives the rock reddish patches. 


A A mottled specimen of white and green lizardite, 
which was found in Canton (China). 


MINERALS PLUS 


intrusions. 


Liguria (Italy). 


A These Chinese statuettes were carved from bowenite, a form of 
antigorite, which is one of the essential components of serpentinite. 


It is mainly composed of serpentine group 


minerals. These include antigorite, a hydrous silicate of 
magnesium and iron, and chrysotile, a hydrous silicate 
of magnesium. Both these minerals are grey, white, 
greenish or yellowish and have a fibrous habit. They 
are very soft, registering only 24 on the Mohs Scale of 
hardness. Olivine may also be present in serpentinite, 


^ Serpentinite is an.igneous rock that has been 
altered by hydrothermal fluids. It has an ultrabasic 
composition and occurs in dykes and other small 


Its original composition of olivine, augite and 
hornblende is changed by hot fluids to produce 
the serpentine minerals which give the rock its 
characteristic colours and veined texture. 

Some serpentinite deposits extend thinly over 
enormous areas, notably in arc-shaped island chains 
(archipelagos) and mountain ranges (especially the 
Alps). In other parts of the world, serpentinite has 
been found in the following locations: Cornwall 
(England), Saxony (Germany), the Troodos Mountains 
(Greece) and the Tuscan Apennines and Emiliano 


as may garnet, hornblende and 
augite. Some serpentinites contain 
minerals rich in chromium, such as 
chromite. 


Formation 
This rock is found in intrusive 
structures such as dykes, stocks and 
lens-shaped masses. It is coarse- 
grained and closely related to 
peridotite, another ultrabasic rock. 
Its mineral composition 
suggests that serpentinite forms by 
the alteration of dense igneous rocks 
of low silica content. This is brought 
about mainly by hydrothermal fluids 
at a late stage in the formation of 
the igneous rock mass. These fluids 
change much of the previously 
formed hornblende, augite and 
olivine into hydrous silicates of the 
serpentine group. 


Ornamental use 

Serpentinite is highly resistant to 
rain- and wind-erosion, and is used 
in the construction industry to 
make ornamental building exteriors. 
It is also used for carving into 
ornaments and household objects, 
such as wine cups with shallow 
bowls and circular feet (which 


are called tazzas). Serpentinite may also be polished 


for use in cheaper forms of jewellery and to make 
ornamental slabs. 


Where it occurs, as for example in the Lizard 
Peninsula in Cornwall, a local industry may develop 
which produces carved artefacts and ornaments, 
especially for the tourist trade. 


Chlorite schist forms across 
large areas affected by 
** regional metamorphism. 
It is characterised by the presence of 
chlorite group minerals. 


chists are formed at some depth in the Earth's 

crust by moderate temperature and pressure, 

and are recognised by their wavy foliation, a 
type of banding along which the minerals lie in 
the rock. Many rocks are affected by these changes, 
especially sedimentary rocks (though some igneous 
rocks are also altered) and chlorite schist develops 
from the regional metamorphism of these. As the 
name suggests, the rock is rich in greenish chlorite 
group minerals, and the term ‘greenschist’ is 
sometimes used for these rocks. 


| MINERALS PLUS 


Chlorite 


FACT FILE 
CHLORITE SCHIST 


Type: Regional metamorphic rock 

Essential components: Chlorite group minerals 
Secondary components: Calcite, magnetite, pyrite, titanite 
Colour: Green or grey 

Structure: Foliated 

Grain size: Fine to medium 

Density: 2.6-2.8 


A This specimen of 
chlorite schist has much 
glittering mica on the 
planes of schistosity 
(Scotland). 


<A typical specimen 

of chlorite schist from 
the Bregaglia Valley 
(Switzerland). Its greenish 
hue derives from the 
presence of chlorites. 


Regional metamorphic rock 


mainly of chlorite minerals. This group of minerals 
is closely related to the micas but, unlike them, 
does not contain the metallic elements sodium 
and potassium. 

| The main chlorites in chlorite schist are the 

complex aluminosilicates clinochlore and ripidolite, 

|. which also contain magnesium and iron, and 

pennantite, an aluminosilicate of manganese. 

| Among numerous accessory minerals, chlorite 
schist often contains significant quantities of calcite, 
magnetite, pyrite and titanite. In addition to these 
components, many other minerals may occur in a 
chlorite schist. Among these minerals are actinolite, 
albite, epidote, glaucophane, magnesite, muscovite, 
quartz and talc. 


> The greenish colour 

in this close-up of a 
specimen of chlorite 
schist is caused by both 
chlorite and glaucophane 
(Norway). 


v The Mont Blanc Massif 
in the Alps, viewed from 
the Italian side. Many 
chlorite schists are found 
in the Alpine mountains. 


ORIGINS and DISTRIBUTION 


Chlorite schist is a metamorphic rock formed 
through the alteration by heat and pressure of pre- 
existent igneous rocks. It is most likely to develop 
from tuffs and lavas. 

The degree of metamorphism to which these 
earlier rocks have been subjected is incomplete and 
chlorite schist is thus often found in association with 
phyllite, a similar product of partial metamorphism. 

The chlorite minerals in chlorite schist may also 
form from pre-existent sedimentary minerals. These 
new minerals always form at temperatures below 
500°C and normally recrystallise at between 200°C 
and 300°C. 

Some of the world's most prominent chlorite 
schists are found in the Alps, particularly in Zillertal 
(Austria) and St Gotthard (Switzerland). 


Chlorite schist contains a large 
concentration of chlorite group minerals. 
These usually occur in tiny parallel flakes 
which are invisible to the naked eye and 
can be viewed only with magnification. 
Sometimes, however, larger knots or 
patches may occur. 


Sedimentary features 
When metamorphism is not too extreme 
in its effect on pre-formed rocks, some of 
their original characteristics (such as the 

characteristics of sedimentary rocks) may 
still be obvious. Structures such as 

bedding and folding may be seen in 
certain schists, though much of the 
original rock has been recrystallised. 


, Leopard stone is a 
spotted variety of jasper, 
andis sold as tumbled 
specimens for making small 
ornaments and jewellery. 


a name often used in the gemmology trade 

for a variety of jasper that has a spotted 
appearance. The surface of leopard stone is 
generally sandy brown in colour, but its most 
striking features are its characteristic spherical 
(orbicular) patterns. These are much darker than 
the surrounding areas and resemble the markings 


of a leopard. 


| eopard stone (also called leopard skin) is 


Orbicular jasper 

Jasper is a form of chalcedony which has the same 
chemical composition as quartz (silicon dioxide). 
Leopard stone is also known as orbicular jasper, 
because the rounded shapes seen on its surface 

are actually small spheres when seen in three 
dimensions. These are composed of impurities such 
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CHARACTERISTICS 


Leopard stone is a variety of jasper, which itself is 
a type of chalcedony. It consists of minute, poorly 
formed, often fibrous, crystals of quartz. 

The small spheres which characterise this type of 
jasper are composed of impurities such as iron oxide 
(hematite and magnetite) and pyrolusite (manganese 
dioxide). These form around distinct centres 
throughout the mineral and are generally darker 
coloured than the surrounding silica. 

Leopard stone can be grey, black, pale brown or 
reddish brown in colour, the spots usually being darker. 


A A specimen of leopard 
stone, the spotted variety 
of jasper. The spotted 
appearance, resembling a 
leopard's coat, has given 
the stone its popular 
name of leopard stone 

or leopard skin. 


4 The rounded shapes 
on the surface of this 
specimen of leopard 
stone are caused mainly 
by pyrolusite. 


Rare mineral 


MINERALS 


A A specimen of leopard stone, which is the popular and 
commercial name for orbicular jasper. 


as iron oxide, and seem to form around distinct 
centres in the original jasper. 


Quartz crystals 
Jasper is composed of minute, tightly packed quartz 
crystals which are not perfectly formed. Jasper is 
usually red in colour because of disseminated iron 
oxides, but it can be a variety of other colours 
including brown, green, grey and black. 

As with other varieties of chalcedony, jasper can 
occur in a number of different situations. It often 
forms in cavities in rocks, on the inside surfaces of 
hollows and in veins. Chalcedony does not have an 
obvious crystal habit but occurs as irregular or 
botryoidal masses. Because it is hard (scoring 7 on 
the Mohs Scale of hardness) chalcedony resists 
erosion and weathering, and pebbles of chalcedony 
are often found in river beds or on the sea shore — 
the red coloured ones are jasper. 

Jasper may also form in rocks in a similar way 
to flint and chert. In this situation it is 
precipitated directly from silica-rich 
water and forms as bands and 
nodules within sedimentary rocks, 
especially limestone. 


Uses of leopard stone 
Because of its attractive 
appearance, leopard stone 
is used ornamentally and 
in jewellery, notably for 
brooches and seals with 
sunken or incised 

designs called 

intaglios. Leopard 

stone is also popular 

for small sculptures 
(especially of leopards) 
and for the brown and 
orange pieces used in mosaics. 


ORIGINS and DISTRIBUTION &% 4 


Leopard stone, like other forms of jasper, occurs 
in a variety of geological situations. It is a mineral 
which can be precipitated from silica-rich water in 
cavities and veins in many rocks. Often it occurs as a 
lining on these cavities. It is also found as distinct 
nodules and bands within sedimentary rocks, 
especially limestone, and may be associated with 
flint and chert, other forms of cryptocrystalline silica. 
Leopard stone is neither common nor 
widespread, but it can be found in the following 
locations: Fichtelgebirge (Germany); Cagliari, Sardinia 
(Italy); and Arkansas and Michigan (USA). 


LEOPARD STONE 


Group: Oxides 


Crystal system: None, cryptocrystalline 
Chemical formula: SiO; 


Hardness: 7 
Density: 2.65 
Cleavage: None 


Fracture: Conchoidal 


Colour: Grey, black, pale brown, reddish brown 
Streak: White 
Lustre: Waxy 


Fluorescence: None 


Y A view of leopard stone, showing the 
attractive surface patterns that resemble the 
markings of a leopard. 


Peridotite is an important component 


of the Earth's upper mantle. It is 

a widespread rock and some 
peridotites contain accessory minerals 
that are important in industry. 


eridotite is a dark, coarse-grained igneous rock 
that is composed principally of olivine 
group minerals (silicates of the metallic 
elements magnesium and iron) and derives its 
name from peridot, the precious variety. The 
colour of peridotite is usually dark green with 
light green patches, although it may also be 
brownish, yellowish or black. 

Peridotite is found in a number of 
geological situations. It is an intrusive 
igneous rock which occurs with basic 
igneous rocks and in ophiolite complexes — 
rocks derived from the deep ocean crust. 


Ultrabasic rock 
All rocks that contain high concentrations 
of magnesium- and iron-bearing minerals 
are classified as basic rocks. Peridotite is 
particularly rich in such minerals and 
is thus described as an ultrabasic rock. 
Since peridotite was originally formed 
in very deep-lying zones of the Earth's 
lower crust and upper mantle, it is further 
classified as a plutonic rock. 
All igneous rocks are classified according 
to their depth of colour. Peridotite is a strongly 
coloured rock with a colour index of 90 out of 100. 
Although peridotite has a typically granular texture, 
its component olivine minerals are sometimes found 
completely enclosed within larger crystals: in scientific 
terms, this texture is said to be poikilitik. Some 
peridotites may contain small quantities of garnet 
and/or spinel group minerals. 


Blanket term 

Peridotite is sometimes used as a blanket term for any 
rock containing more than 40 per cent olivine. When 
detailed analysis is carried out, it may be possible to 
subdivide it into four more specific rock types. These, 
in decreasing order of olivine content, are dunite (over 
90 per cent), harzburgite, lherzolite and wehrlite. 


A More grey than green, this peridotite contains 
large red crystals of garnet. 


Peridotite is a coarse-grained igneous rock, the 
individual mineral crystals being readily seen with 
the naked eye. These crystals are randomly 
orientated in the rock. 

Garnet is a common mineral in peridotite and 
often occurs as brown or reddish crystals scattered 
throughout the rock. Hornblende and augite are 
two other common minerals in peridotite. These 
minerals give the rock a high density - a specimen is 
noticeably heavy when handled. 
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Although the main component of peridotite is 
olivine, the rock sometimes contains areas enriched à 
with chromite or pyroxene. eridotite is an igneous rock which forms as mantle- 
derived inclusions in basalts or as accumulated 
Industrial uses of chromite material (cumulates) at the base of intrusions. 
Chromite is a black or brownish mineral which is the Some of the best known peridotites are found 
only naturally occurring source of chromium. This in the following locations: Muskota and Sudbury 
metallic element is highly resistant to all forms of (Canada): the Lizard, Cornwall (England); Ariége, 
corrosion and widely used as a protective coating over Lhers and the Pyrenees Mountains (France); the Harz 
brass and bronze. It is also an important component of Mountains (Germany); the Ural Mountains (Russia); 
stainless steel, which contains mainly iron but typically the Bushveld (South Africa); and the Cortlandt 
also includes nickel, carbon, manganese and about 18 Complex, New York (USA). 


per cent chromium. 
FACT FILE 


PERIDOTITE 


Type: Ultrabasic plutonic igneous rock 


Intrusive igneous rock - 


Essential component: Olivine 


Secondary components: Chromite, pyroxenes 


Colour: Green, brownish, yellowish, black 


Texture: Granular 


Grain size: Medium 
Density: 2.95-3.0 


4 This specimen of peridotite is essentially 
composed of pure olivine. It has been pushed 
up towards the surface of the Earth from its 


original location on the boundary between the 
Earth's crust and mantle. 


A The Matterhorn Mountain on the frontier between Italy and Switzerland. This and many other Alpine peaks 
contain extensive masses of peridotite rock. 


GROUNDWORK 


On the mineral 
trail: Colombia 


Colombia is the 

fourth largest 

country in South 

America with an 

area of 1,141,748 

sq.km. The country Sierra Navaga de 
is rich in mineral 

resources. It is 
bounded in the east 
by Venezuela and 
Brazil, in the south 
by Ecuador and 
Peru, in the west by 
the Pacific Ocean 
and in the 
northwest by 
Panama and the 
Caribbean Sea. 
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olombia’s principal Amazon Basin 
mineral resources ECUADOR 


are emeralds, 
platinum, iron ore and 
nickel ore. 


The lie of the land 

Two-fifths of Colombia 

in the west lies in the 

highlands of the Andes Mountains. The other The Andes Mountains dominate not only the 
three-fifths of the country to the east of the Andes central and western parts of Colombia but also extend 
comprise the grasslands (/os Llanos) of the Orinoco from north to south along almost the entire length of 
plains and the rain forest (/a selva) of the Amazon the country. The Andes comprise three main parallel 
basin. There is also a strip of lowland along the shore ranges — the Cordillera Oriental, the Cordillera 

of the Caribbean Sea. Central and the Cordillera Occidental. The Cordillera 


A A view across part of the 
Andes mountain range that 
runs through Colombia. 


Central contains 

the volcanic peaks of 
Huila (5750m) and 
Tolima (5215m). 

The depressions 
between the mountains are 
occupied by three major 
rivers — the Atrato, the 
Cauca and the Magdalena 
— which flow north to the 
Caribbean Sea. The River 
Magdalena is the main 
traffic artery of Colombia. 

North of Buenaventura 
is the Cordillera del Choco. 
'This is the lowest of the 
Colombian mountain 
ranges, with peaks rising 
no higher than 1850m. 

The highest mountains 
in Colombia are the 
snow-clad summits of the 
Sierra Nevada de Santa 
Marta, which reach a 
height of 5800m within 
as little as 50km of the 
Caribbean coast. 


Petroleum, gas 
and coal 


The natural resources of petroleum, natural gas and 
coal are important commodities for Colombia. Oil is 
produced in three main regions: in the Magdalena 


A Workers using earth moving equipment to excavate a 
new vein at the Muzo Emerald Mine. 


valley, in Putumayo 
in the southwest 
and around Norte 
de Santander and 
Arauca. By 2002 oil 
was the country's 
leading export. 

An estimated 200 
million cubic metres 
of natural gas are 
located in the Guajira 
peninsula and, offshore, 
near Cartagena. Coal 
deposits are also found 
in the Guajira 
peninsula and near 
Medellin and 
Bucaramanga in 
central Colombia. The 
countrys coal reserves 
are estimated at over 
five billion tonnes and 
it is the country's third 
most important export. 


Iron and 

nickel ores 

Iron ores and nickel 
ores are mined in the 
Boyaca department, 
especially around the 
Acerias Paz del Rio 
steel plant. Iron ore 
production was almost 
500,000 tonnes in 
2005. Nickel ore 
deposits have been 
extracted commercially 
since 1982, and in 
2005 90,000 tonnes 
of contained nickel 
were produced. 


Other minerals 
Gold, silver and lead 
ore are mined around 
the city of Antioquia, 
where all three metals 
are often found 
together. The 
Colombian economy 
used to be based almost 
entirely on gold, but 
output is now very 
small. By contrast, 
Colombia now ranks 


fourth in world platinum production and produces 
about 95 per cent of the world's emeralds. The most 
famous Colombian emerald mine is at Muzo. 


Intrusive rocks 


An intrusion is a body of igneous rock which has been 
forced into pre-existent rocks, either along definite structural features 
such as bedding planes, joints or cleavages, or by deformation and 
cross-cutting of other rocks. 
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gneous intrusions 
Í occur in many shapes 
and sizes. The most 
extensive igneous 
intrusions are batholiths. 
A batholith is a very 
large igneous intrusion, 
often many hundreds 
of kilometres across. 
Batholiths are intruded 
both by force and by a 
process called stoping, in 
which magma seeps into 
the local rocks and melts 
them. Because of their 
size, batholiths are usually 
made of coarse-grained 
igneous rocks, very often 
granite. There may be a 
zone of metal-rich mineral 
veins around them, with a 
metamorphic aureole 
extending some distance 
away from the intrusion. A These intrusive magmatic rocks were originally formed underground but have 
The largest batholith been exposed by erosion and weathering (Sassari, Italy). 
comprises the greater part 
of the Andes mountain range in South America. 
The following are some of the other widely 
distributed intrusive igneous structures. 


Bosses 

A boss is an igneous mass which originated deep 

in the Earth (a plutonic rock). Bosses have very steep 
sides and appear to be roughly circular when viewed 
from above. 


Dykes 

Dykes are sheet-like bodies of igneous rock which cut 
across the bedding or structural planes of the host rock 
— in scientific terms, they are said to be discordant. 
Dykes may occur in association with almost any larger 
igneous body. 

Some dykes extend for considerable distances: in 
the British Isles, for example, there is a dyke that runs 
for more than 400km from the Isle of Mull (Scotland) ^ A A layered igneous intrusion consisting of 
to north Yorkshire (England). clinopyroxene spherules (Duke Island, Alaska). 


Intrusive rocks 
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Dyke rocks are commonly medium-grained, 
although rocks forming some large dykes are coarse- 
grained. Multiple dykes are sometimes found: these are 
known as dyke swarms. Some of the most extensive 
dyke swarms have caused a localised stretching of the 
Earth's crust by as much as 65km. 


Laccoliths 
Laccoliths are intrusive, dome-like igneous masses 
which cause the overlying sediment to arch upwards. 


They have flat floors. The classic laccolith location is 
in the Henry Mountains, Utah (USA). 


Phacoliths 

A phacolith is a curved igneous intrusion, the concave 
surface of which faces downwards. Both the igneous 
rocks and the sedimentary rocks which enclose them 
have been deformed by pressure. Phacoliths may be 
several kilometres across and some are important 
sources of mineral ores. An example is the gold- and 
quartz-bearing saddle reef at Bendigo (Australia). 


A A laccolith exposed by erosion of the overlying 
strata (Montana). 


AA The peak of Mount Adamello in the Alps above 
Trento (Italy). One of the most important intrusive 
igneous rocks found in this region is tonalite. 


Sills 

A sill is a sheet-like body of igneous rock that 
conforms to bedding or other structural planes. 

A well-known example is the Great Whin Sill which 
extends widely across Durham and Northumberland 
(England). Small sills may be confined to a single 
plane, but large ones may occupy a number of 
different planes. 


Stocks 


Stocks are small batholiths that are typically 
circular or elliptical in cross-section. Some exposed 
stocks are thought to be the cupolas of large, 


hidden batholiths. 


DISCOVERY 


a Reda 


Magmatic rocks 


Formed within the crust or upper mantle of the Earth, magma is a molten fluid 
which may consolidate to form igneous rock. However, it is unlikely 
that igneous rocks truly represent the pre-existent magma from which they were 
formed as they are altered by a process known as magmatic differentiation. 


| | agma is a fluid generated by melting deep 
inside the lower crust and upper mantle of 
the Earth, sometimes at depths of more 
than 100km. Magma is by definition subterranean: 
similar fluids which have been extruded onto the 
surface of the Earth are known as lava. 

Although magma may sometimes contain 
carbonates and sulphides, it is composed mainly 
of molten silicates with water and gaseous materials 
in solution. 

Many of these materials are too volatile to survive 
the cooling and consolidation processes which convert 
magma into minerals and rocks: as a result, geologists 
believe that igneous rocks probably do not have the 
same make-up as the pre-existent fluid from which 
they formed. 


Differentiation 

Any process which causes magma to separate into two 
or more parts with different compositions is known as 
differentiation. When two of the liquids in magma 
will not mix, this causes an effect similar to that of 
combining oil and water. This form of magmatic 
differentiation is known as liquid immiscibility. 


Fractional separation 

Magma contains many different materials and hence, 
when it cools, it solidifies gradually, component by 
component: this process is known as fractional 


A An eruption from the 
main vent of Mount Etna 
(Sicily, Italy). The molten 
material resolidifies on 
the surface. While it 
remains underground, 
this material is known as 
magma; when it surfaces, 
it is called lava. 


4 Cape Testa and Cape 
Orso (Italy). The magmatic 
rocks here have been 
exposed to the surface 
by geological upheavals, 
erosion and weathering. 
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Magmatic rocks 


4 Olivine and pallasite 

crystals. Olivine is the 

magmatic mineral that e 
forms at the highest 

temperature (Kansas, USA) 


v Asailing boat on Lake 
Maggiore (Italy). The 
surrounding mountains 
are rich in magmatic 
rocks. 


crystallisation. The crystals which form most quickly 
may be separated from the magma melt by gravity or 
by the action of convection currents. 


Transportation 

The distance that magma may travel is influenced 
both by its own thickness and stickiness (viscosity) 
and by the gaps in the pre-existent rocks between and 
through which it moves. 

As it flows closer to the surface of the Earth, the 
temperature of the magma decreases. Those parts of 
the melt which travel furthest up what is known as 
the geo-thermal gradient alter more than those which 
have crystallised closest to the original point of 
contact between the magma and the pre-existent 
rocks. One result of this effect is that the margins of 
many igneous rock bodies have a more basic 


composition than the areas of deeper penetration. 
Many of the effects of cooling magma were first 
noted by a Canadian geologist, Norman Bowen. 


Reaction series 

Norman Levi Bowen (1887—1956) established a 
reaction series that sets out the order in which 
minerals crystallise from magma, and shows that, in 
general, minerals with the highest melting point 
crystallise before those with the lowest. 


Examples 

Of all the crystalline magmatic rocks and minerals, 
the one that forms at the highest temperatures is 
olivine. As the magma cools, olivine is followed by 
pyroxene, amphibole and biotite. Quartz is one of the 
last minerals to form from cooling magma. 
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yenit 


Syenite is an intrusive 
igneous rock 
that is often 

used as polished slabs 

in the building industry. 


yenite may be brown, 

grey, pink, reddish or 

white in colour. Its name is 
derived from the Latin Syenites 
lapis, meaning "stone from 
Syene’. Syene is the ancient 
Greek name for the region around 
Aswan (Egypt), where the rock has 
been quarried for thousands of years. 

Syenite is formed from magma at great depths 
beneath the surface of the Earth: in scientific terms, it 
is classified as an intrusive igneous rock of plutonic 
origin. Its coarse grains are often of uniform size, and 
nearly all its component minerals are clearly visible to 
the naked eye. 


Similarity to granite 

The appearance of syenite can be very similar to 

that of granite, and the two rocks are thus sometimes 
confused. The key difference between them lies in the 
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SYENITE 


Type: Intrusive igneous rock 
Essential components: Feldspars, amphiboles and pyroxenes 
Secondary components: Biotite, ilmenite, magnetite, quartz, titanite 


Colour: Brown, grey, pink, reddish, white 


Texture: Equigranular or porphyritic 
Grain size: Coarse 


Density: 2.8-2.9 


A A typically mottled 
specimen of syenite. 
The dark patches are 
ferromagnesian 
minerals; the light areas 
are mainly feldspars. 


<A microscopic image 
of a thin section of 
syenite. The black and 
greenish-black crystals 
are augite; the dark 
red crystals are biotite, 
and the white ones 
are feldspar. 
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A A specimen of nepheline syenite, showing its coarse-grained structure. 


This variety contains no quartz (Sweden). 


A This porphyritic microsyenite has cooled to form a 
medium-grained groundmass in which are set large 
individual crystals (phenocrysts) of feldspar. 


amount of silica they contain, particularly silica in 
the form of quartz. 


Types of igneous rock 

There are four main types of igneous rock: those 
containing more than 65 per cent silica by volume 
are known as acid igneous rocks; those with 45-55 
per cent silica are classified as basic; igneous rocks 
with less than 45 per cent silica are classified as 
ultrabasic rocks. 


Intermediate composition 
Igneous rocks containing between 55 and 65 per cent 
silica are known as intermediate rocks. Syenite is an 
example of this type; among other intermediate 
igneous rocks are andesite, diorite and trachyte. 
Although at least 20 per cent of the silica in 
granite takes the form of quartz (silicon dioxide), 
many varieties of syenite contain no quartz at all. 
However, quartz syenite may contain up to 10 per 
cent of this mineral. 


rock that forms in deep-lying 
bodies (plutons), as well as in 
dykes and sills, where it is often 
associated with granite. 

Extensive syenite intrusions 
have been found in the following 
locations worldwide: Lake 
Christina, British Columbia 
(Canada); the Black Forest and 
Plauen'scher Grund, near Dresden 
(Germany); Oslo (Norway); and Ben 
Loyal (Scotland). In the USA, there 
are major syenite intrusions in the 
Deboullie Stock (Maine) and the 
Adirondack Mountains (New York). 


Syenite also contains pyroxene, amphibole and 
biotite mica and some syenites have the feldspathoid 
mineral nepheline. If this mineral is present there is 
no quartz in the rock and the name nepheline syenite 
is used. 


Ornamental use 

The colour of most syenite is extremely variable, and 
the largest slabs of attractively coloured syenite are 
used to make decorative façades for buildings, while 
smaller pieces are sometimes polished for display in 
mineral collections. 


CHARACTERISTICS 


Syenite is a plutonic igneous rock that forms from 
magma deep in the Earth's crust. Because of this it 
cools slowly and so is made up of mineral crystals 
that are larger than 5mm across. A rock with this 
size of crystals is coarse-grained and the individual 
minerals can be clearly seen with the naked eye. 

The texture of syenite is usually equigranular, 
with all the grains being the same size, but some 
syenites have a porphyritic texture, with larger 
crystals set in the groundmass. 

The essential minerals of all syenites are feldspars 
- not only the plagioclase group (members of the 
albite-anorthite solid solution series), but also the 
alkali feldspars (adularia, microcline, orthoclase and 
sanidine). 

The following are among the most important 
accessory minerals in syenite: biotite (a complex 
mica silicate of potassium, magnesium, iron and 
aluminium); ilmenite (iron titanium oxide); 
magnetite (iron oxide); quartz (silicon dioxide); 
sodalite (an aluminosilicate of sodium and chlorine); 
and titanite (calcium titanium silicate). 
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Amphibolit 


Amphibolite 
is a highly 
SW altered 
metamorphic rock 
formed at great depth 
in the Earth's crust. 


mphibolite is usually 

black, brown, grey or 

dark green. The rock 
may be speckled with grey and 
white. Amphibolite may cover 
large areas of the Earth's surface 
and is classified as a regionally 
metamorphosed rock. 

Amphibolite is formed 

under conditions of medium to high temperature and 
pressure. These conditions are typical of regional 
metamorphism at considerable depth in the Earth's 
crust and often occur during mountain building. 
Many different rocks are affected and altered by such 
conditions and amphibolite generally results from the 


metamorphism of basic igneous rocks such as dolerite. 


Such rocks are not changed by metamorphism of low 
grade (at low temperatures and pressures). 


Mineral content 
Amphibolite rocks, as their name suggests, are rich in 
amphibole minerals, particularly hornblende, which 


A Grey amphibolite with patches of red rubino. 


AMPHIBOLITE 


Type: Regional metamorphic rock 

Essential components: Feldspars, hornblende, anthophyllite 
Secondary components: Epidote, ilmenite, magnetite, titanite 
Colour: Black, brown, grey, dark green 

Structure: Well-developed foliation or schistosity may be present 
Grain size: Medium to coarse 

Density: 2.7-3.1 


gives the rock a dark green or black colouring. 
Actinolite and tremolite may also be present. Other 
minerals in the rock include feldspar, chlorite, epidote, 
ilmenite, magnetite, garnet and pyroxene. 

Quartz tends to be absent, but if it does occur the 
rock grades into gneiss. Indeed, amphibolite is often 
found in association with gneiss in Pre-Cambrian 
shield areas of the continental crust. In some situations 
discrete patches and bands of amphibolite occur in 
gneiss, indicating where masses of basic igneous rock 
may have originally been before metamorphism 


changed them. 


<A microscope image of a thin section of amphibolite 
rock. The grey and white areas are tiny particles of 
plagioclase feldspar, while the dark colours are the 
amphibole minerals. 


Regional metamorphic r 


Amphibolite is a coarse-grained rock with crystals 
easily seen by the naked eye. It has a rather granular 
texture and may have porphyroblasts (larger crystals 
set in the groundmass), often of garnet. Many 
amphibolites have a foliated or schistose structure, 
with the crystals making up the rock streaked out 
along distinct planes. These structures reflect the 
metamorphic conditions that formed the rock, which 
caused segregation of the minerals into different bands. 


Metamorphic conditions 

Geologists are able to classify different metamorphic 
rocks into categories according to the conditions under 
which they were formed. These are based on certain 
minerals the metamorphic rock contains, which 
indicate the temperature and pressure conditions at the 
time of formation. When a metamorphic rock has, for 
example, much chlorite, this indicates it was formed at 
low temperatures and pressures. If, as in the case of 
amphibolite, the rock is predominantly made of 
amphibole, such as hornblende, this indicates it 

was subjected to moderate to high temperature 

and pressure during metamorphism. 


A A specimen of grey and 
brown amphibolite with a 
characteristic speckled 
appearance. 


> Dark green amphibolite 
with streaks of white 
plagioclase feldspar, 
giving it a pepper- 
and-salt appearance. 


Amphibolite is a coarse-grained rock; all the 
constituent mineral crystals are larger than 5mm in 
diameter and readily seen without the use of a hand 
lens. Some specimens have a porphyroblastic texture 
with relatively large crystals, often of garnet, set in 
the groundmass of the rock. 

The essential minerals of all amphibolite rocks are 
amphiboles (from which the rock takes its name) and 
plagioclase feldspars. 

The most abundant amphiboles in amphibolite are 
anthophyllite (a silicate of magnesium and iron), 
cummingtonite (a silicate of magnesium, iron and 
manganese) and hornblende (an aluminosilicate of 
calcium, magnesium and iron). 

The principal plagioclase feldspars in amphibolite 
are andesine (a silicate containing 50-70 per cent 
sodium and 30-50 per cent calcium) and bytownite (a 
silicate containing 10-30 per cent sodium and 70-90 
per cent calcium). 

The non-essential accessory minerals that are 
most commonly found in amphibolite are: epidote 
(a silicate of calcium, aluminium and iron); ilmenite 
(iron titanium oxide); magnetite (iron oxide); quartz 
(silicon dioxide); and titanite (a silicate of calcium 
and titanium). 


ORIGINS and DISTRIBUTION & 


Most amphibolites are formed through the 
alteration by heat and pressure (metamorphism) of 
basaltic tuffs, lava or intrusive dolerite - these are all 
forms of basic igneous rock. 

Some amphibolites are formed at moderate 
temperatures (600-750*C) from pre-existent 
sedimentary rocks. 

Amphibolite occurs in the following locations: 
Broken Hill, New South Wales (Australia); Oetztal 
(Austria); southwest Greenland; Connemara (Ireland); 
the Orobian Alps and Valtellina (Italy); the Grampian 
Highlands (Scotland); and the Adirondack Mountains, 
New York (USA). 
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! Calc-silica 


rocks 


i Calc-silicate rocks are 
formed when impure 


and low pressure. 


alc-silicate rocks occur in a wide 

range of colours: they are mainly 

grey or white, but can be light 
brown and mottled with shades of green or 
pink. Zoned banding is fairly common. In many 
ways they are similar to marble, and some types of 
calc-silicate rocks are used ornamentally. 

Calc-silicates are a loosely defined group of rocks 

which form when small areas (contact zones) of pre- 
existent limestone are altered by heat (metamorphism). 


Similarity to marble 

Although calc-silicates are closely related to marble, 
they are derived from less pure varieties of limestone 
and form at slightly lower temperatures (about 700°C, 
as against nearly 900°C for marble). 


A Brucite marble, which contains yellowish-green 
veins of the calc-silicate mineral brucite. 


Ga 


A A specimen of calc-silicate marble. It contains 
epidote, wollastonite and brucite, which give it dark 
coloured patches. 


CHARACTERISTICS 


Among the essential minerals in calc-silicate rocks 
are calcite and calc-silicate minerals such as garnet, 
plagioclase feldspar and wollastonite. The most 
important accessory minerals are graphite, humite, 
ilmenite and titanite. 

Calc-silicate rocks are crystalline and medium- to 
coarse-grained. Most of the crystals in them are well 
formed (euhedral) and some grow bigger than those of 
the rock matrix. These larger crystals set in the matrix 
are porphyroblasts; garnet often forms such crystals. 


FACT FILE 
CALC-SILICATE ROCKS 


Type: Contact metamorphic rock 
Essential components: Calcite, calc-silicate minerals 


Secondary components: Graphite, humite, ilmenite, titanite 


Colour: Light brown, green, pink, white, grey 
Texture: Porphyroblastic 

Grain size: Medium to coarse 

Density: 2.6-2.8 


CA 


The minerals contained in calc-silicates vary 
according to the heat under which they were formed: 
in scientific terms, these rocks are said to occur in a 
high temperature, low pressure environment. The 
minerals that develop during metamorphism in the 
calc-silicate rock are a direct result of impurities in the 
original limestone. 


Porphyroblasts 
Although the texture of most calc-silicate rocks is 
medium- to coarse-grained, some examples contain 
large crystals of calcium silicate minerals such as 
wollastonite. 

These individual crystals — which have developed 
during the metamorphic process — are said to be 
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ORIGINS and 
DISTRIBUTION 


Calc-silicate rocks are formed through the ww 
metamorphism of impure limestones, which 
were themselves formed from sedimentation. 

Although generally confined to limited areas 
(contact zones), calc-silicates occasionally occur 
in areas of regional metamorphism, especially in 
the Tyrol (northern Italy). 

Elsewhere, calc-silicates are widely 
distributed in many parts of the Earth. They are 
found in the following locations worldwide: Ben 
Bullen (Australia); Bohemia (Czech Republic); 
Mount Vesuvius, near Naples (Italy); Scawt Hill 
(ireland); Jan Mayen (Norway); the Isle of Mull 
(Scotland); and Crestmore, California (USA). 


AA This calc-silicate hornfels has a flinty texture and 
contains minerals such as epidote and diopside (Devon). 


A Wollastonite, a typical calc-silicate mineral that occurs 
in metamorphic rocks including marble and hornfels. 


euhedral (from the Greek meaning ‘well 

shaped"). The largest such crystals are known as 

porphyroblasts, after their resemblance (in shape, 

though not in colour) to the famous purple 

decorative stone called imperial porphyry. Iv 
Despite being products of metamorphism, 

calc-silicates may retain some of the physical 

characteristics associated with the original 

sedimentary rocks, particularly stratification. 


Greywacke 
is a sedimentary 
Ze rock with 
medium to coarse grains 
set in a matrix of fine- 
grained clay. 


reywacke (pronounced 

'graywacky ) is usually 

dark grey or black, 
although some may be greenish. 
The first part of the name is 
derived from the German word 
for the principal colour; the last 
two syllables come from the 
German Wacke, meaning ‘rock’, 
‘gravel’ or ‘basalt’. 


Sandstone 

Greywackes are dark sandstone rocks composed of 
sharply angular, medium to coarse grains set in a base 
(matrix) of finer-grained material. This matrix is 
composed mainly of clay, together with microscopic 
fragments of pyrite and quartz. Green greywackes 
derive their distinctive coloration from the presence 
of chlorite. 


Occurrence 

Greywacke is a deep ocean sediment. It is usually 
associated with turbidity currents which flow out 
onto the deep ocean floor from the continental shelf 
and bring coarse sediment to this region. In shallower 
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A This greywacke on the coast of Galloway (Scotland) 
has inclined bedding planes and alternating coarse 
and finer beds. 


FACT FILE 
GREYWACKE 


Type: Sedimentary rock 
Essential components: Clay minerals, rock fragments 


Secondary components: Chlorite, feldspars, iron minerals, quartz 


Colour: Grey or black, sometimes greenish 

Texture: Poorly sorted angular grains in a fine-grained matrix 
Structure: Graded bedding 

Grain size: Medium to coarse 

Density: 2.6 


< A close-up detail of 
greywacke, showing 
fine and coarser layers. 
(Scotland). 


A Gritty greywacke, containing many angular quartz 
and rock fragments (Wales). 


water, on the continental shelf, great amounts of 
sediment accumulate and some of this may be caused 
to slip, possibly by an earthquake. This slurry of 
sediment can be directed by a submarine canyon 
which gives the wet mass of mud and coarser sediment 
a definite shape. The mass of sediment, flowing at 
some speed, is called a turbidity current. Gradually 

it settles out on the deep sea bed as a graded layer 

of greywacke. 


Graded bedding 

As the sediment from a turbidity current settles, the 
coarser, denser particles settle first, followed by the 
finer muddy sediment. The resulting layer of sediment 
is thus graded by size. When successive turbidity 
currents deposit their sediment, a series of graded beds 
are formed. Because the current moves quickly and has 
much coarse sediment at its base, it often erodes the 
upper part of previously deposited material, leaving 
characteristic marks on the sea bed. 


Turbidites 
The rocks formed by turbidity currents are called 
turbidites. Greywackes are typical turbidite rocks. 
Greywackes and other rocks composed primarily 
of sandy grains are classified as arenaceous — a word 
derived from the Latin arena meaning ‘sand’. 
Arenaceous rocks are known as sandstones. 


sediment which have slipped over the edge of a 
continental slope. 

Greywackes are very common in many parts of 
the world. Layers are often several thousand metres 
in thickness and may show deformational features 
such as folds. 

Greywackes are found in the following locations: 
Cornwall and Devon (England); the Rhine Valley 
(Germany); Ireland; the northern Apennines (Italy); 
Kyushu (Japan); the Southern Uplands (Scotland); 
Alaska, California, Washington and West Virginia 
(USA); and Wales. 


z sy hea wie 
The essential components of greywacke are clay 
minerals, which may constitute up to 50 per cent of 
the volume of any specimen. 

The most important accessory minerals are 
feldspars (silicates of the albite-anorthite solid 
solution series), quartz (silicon dioxide) and various 
iron-bearing minerals, notably pyrite (iron sulphide). 

The largest greywacke grains may measure more 
than 2mm in diameter; by contrast, the small particles 
that make up the base (matrix) are invisible to the 
naked eye. 


Greywacke is produced from currents of submarine 


“GROUNDWORK 113 


mineral 
trail: Poland 


Poland lies at the 
geographical centre 
of Europe and 
occupies a total area 
of 312,683 sq. km. 

It is bordered in the 
west by Germany 
along the Oder and 
Neisse rivers, in the 
south by the Czech 
Republic and 
Slovakia, and in the 
east by Lithuania, 
Belarus and Ukraine. 
In the north Poland 
is bounded by the 
Baltic Sea and 
Russia. 


Ithough there are some 
mountainous regions in 
the south of Poland, two 


thirds of the country are lowlands 
within the North European Plain. 


The lie of the land 

Poland may be divided into three 
roughly parallel zones running 
from east to west. The low-lying 
northern plain rises in the south to 


> Morskie Oko lake in the High Tatra 
mountains in southern Poland. 


GROUNDWORK : 


the central region, which includes the low hills of 
Upper Silesia. 

South of Silesia lie the mineral-rich mountains of 
the Sudeten and the Carpathians, which together 
form Poland's border with the Czech Republic and 
Slovakia. Between them lies another lowland area 
known as the Moravian Gate. 

The Sudeten Mountains are a series of short 
ranges rising to about 1520m. They contain the 
mining area of the Lower Silesian coalfield, near the 
cities of Walbrzych and Klodzko. The Carpathians 
reach a height of 2500m in the High Tatra, an area 
which extends into neighbouring Slovakia. In Upper 
Silesia lies one of Europes richest coalfields, together 
with the industrial cities of Gliwice, Katowice 


and Zabrze. 


Natural resources 

Poland is well served by its natural resources. 
Bituminous coal is its main natural asset and most 
of this comes from the Upper Silesian coalfield 
around Katowice. 

The country's most important mineral resource 
is sulphur — Poland’s reserves of sulphur are among 
the largest in the world, and production in 2007 was 
more than one million tonnes. Some of the largest 
sulphur deposits are located near Tarnobrzeg in 
the southeast. 

Other minerals found in considerable quantities 
include barite, halite, kaolinite, gypsum and marble. 
Among the most important metallic minerals are 
copper and zinc ores. Copper ore yielded more than 
500,000 tonnes of copper in 2007. Small quantities 
of nickel, vanadium, cobalt and silver are also 
produced in the south. 

In addition, Poland has a wealth of still untapped 
mineral resources: its reserves of lead and zinc ores are 
among the largest in the world. 


< A Polish chemical plant. 
Poland has a thriving 
chemical industry. 


Y A coal mine near 
Katowice, the centre of 
bituminous coal mining 
in Poland. 


Mining 
Hard coal is particularly important to Poland's 
economy. Reserves are estimated at 63.5 billion 
tonnes, 90 per cent of which are located in Upper 
Silesia. There are also over 12.9 million tonnes of 
lignite, especially in the river basins to the south of 
Tarnobrzeg. All but a small portion of the country's 
electrical power is derived from bituminous coal 
and lignite. 

Mining occupies approximately 2 per cent 
of the country's workforce. Coal production still 
dominates the mining industry, despite the decline 
in production at the end of the 20th century. 
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e Rock-forming minerals 


There are certain minerals that make up the major part of rocks. 
These are known as rock-forming minerals. Here we look at some the most 
important of these minerals. 


ock-forming minerals make up the bulk of a 
rock and define what the rock is. These are the 


rock’s essential minerals. Accessory minerals 
occur in very small amounts and play no part in the 
identification of the rock. 


Silicates 

The chief igneous rock-forming minerals are silicates, 
and most rocks are mainly composed of minerals 
within the following silicate groups: orthoclase 
feldspars, plagioclase feldspars, micas, pyroxenes, 
amphiboles and olivines. 


Y Hornblende, which is found in acid and intermediate 
igneous rocks. It is a dark, dense mineral that 
forms prismatic crystals. 


A A specimen of labradorite, which is a type of 
plagioclase feldspar. Plagioclase occurs in most igneous 
rocks and is common in basalt and gabbro. 


A Muscovite mica, which forms in thin plates in 
granite and other acid igneous rocks. 


Quartz 
Another important 
rock-forming mineral 
is quartz. This is very 
widespread and makes up 
more than 10 per cent of 
the Earths crust. It occurs 
in igneous, sedimentary 
and metamorphic rocks. 
The other principal 
rock-forming minerals 
are carbonates and 
oxides. These are 


A Crystals of quartz, a very common rock-forming mineral. It occurs in many igneous followed by sulphates, 
rocks especially those of acid composition such as granite and rhyolite. chlorides and phosphates. 
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uo ; ; 
T | Table of rock-forming minerals 
x. | 
© NAME CHEMICAL FORMULA CRYSTAL SYSTEM HARDNESS DENSITY CLEAVAGE COLOUR | 
S£ | 
f | Actinolite Ca;(Mg,Fe)sSig0; (OH); Monoclinic 5-6 3.00-3.44 Good Green | 
| 
o | Aegirine NaFeSi,0, Monoclinic 6 3.50-3.60 Good Dark green, 
| brown, black | 
£| | 
= | Albite NaAlSiz0, Triclinic 6-6% 2.62 Perfect White, 
| colourless | 
Oo. | 
dee | Anhydrite CaSO, Orthorhombic 3-3% 2.98 Perfect Various | 
x | | 
oO 4 Anorthite CaALSi;Os Triclinic 6-675 2.74-2.76 Perfect Grey, white, | 
Oo. pink | 
mo | | 
| Augite (Ca,NaX(Mg,Fe,TiX(Si,Al);Og Monoclinic 54-6 3.20-3.50 Good Dark green, | 
black | 
| 
Biotite K(Mg,Fe)3(Al, Fe)Siz049(0H,F)> Monoclinic 24-3 2.70-3.40 Perfect Black, green, | 
| brown | 
| Bytownite (Na,Ca)Al, Sis .;Og Triclinic 6-6% 2.72-2.74 Perfect White, grey | 
i | 
Calcite Caco; Trigonal 3 2.70 Perfect Various 
| Diopside MgCaSi,0, Monoclinic 5⁄6% 3.22-3.38 Good Green, brown, 
grey 
| Dolomite CaMg(CO;); Trigonal 34-4 2.85 Perfect White, grey, 
| brown | 
| | 
| | 
| Enstatite MgSiO; Orthorhombic 5-6 3.20-3.40 Good Brown, green, | 
| white 
Glaucophane | Na;(Mg,F6e);AL;Sig0O;; (OH); Monoclinic 6 3.08-3.15 Perfect Grey, blue 
| Gypsum Ca3S0,.2H;0 Monoclinic 2 2.32 Perfect Various | 
| 
Halite Nacl Cubic 2 2.17 Perfect Various 
Hedenbergite CaFeSi,0, Monoclinic 6 3.50-3.56 Good Dark green, 
black 
Hornblende —_Ca,(Mg,Fe),Al(Si7AI)0,,(0H,F)2 X Monoclinic 5-6 3.28-3.41 Perfect Green, black 
| Labradorite (Na,Ca)Al,.5Sis.;Og Triclinic 6-6% 2.69-2.72 Perfect Blue, grey 
| Leucite KAISi206 Tetragonal 546 2.50 Very poor Grey, white, 
| colourless 
| Microcline KAISi;Og Triclinic 6-64 2.55-2.63 Perfect Various 
Muscovite KAI(SizAI)0,9(0H,F)2 Monoclinic 2% 2.77-2.88 Perfect Brown, green, 
grey 
Nepheline (Na,K)AISIOg Trigonal 54-6 2.55-2.66 Indistinct Colourless, 
white, grey 
Olivine (Mg,Fe)SiO, Orthorhombic 647 3.27-4.32 Imperfect Green, brown 
Orthoclase KAISi,0, Monoclinic 6-6% 2.55-2.63 Perfect Various 
Quartz SiO; Trigonal 7 2.65 None Various 
Riebeckite Na;(Fe,M9g);Fe5SigO;; (OH); Monoclinic 5 3.32-3.38 Perfect Blue, black 
Sanidine KAISiz0, Monoclinic 6 2.55-2.63 Perfect Colourless, 


white 
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Extrusive rocks are igneous rocks made from magma which has flowed out onto 
the surface of the Earth as lava or erupted in the form of pyroclastics. 
This is in contrast to intrusive igneous rocks, which are formed deep underground 
and may be exposed at the surface by subsequent erosion and weathering. 
Nearly all extrusive rocks have an intrusive equivalent. 


xtrusive rocks are derived from magma which 
pours out or is ejected onto the surface of the 
Earth. Magma is a mixture of molten silicates 


which originates deep in the Earth; when it emerges 
on the surface, it is redefined as lava. 


Lava flows 

Extrusive material emerges either as lava flows or as 
pyroclastics. Lava flows are fiery rivers of molten rock- 
making material which gradually cool as they move 
further from their volcanic source and eventually 
solidify into rocks. 


Pyroclastics 
Pyroclastics are fragments of volcanic material 
which are erupted into the atmosphere. They are most 
commonly emitted from volcanoes with the thickest 
and stickiest (most viscous) lava. 

Pyroclastics normally form either as droplets 
(globules) or as solid particles which have been 


A The snow-covered peak of Mount Fuji Japan). This 
volcano, which rises to 3776m, has been dormant since 
1707 but is still classified as active. Extrusive rocks are 
formed from volcanic lava flows. 


A One of numerous volcanoes in the Kamchatka Peninsula (Russia). In this part of eastern Siberia, magma escapes 
through the gaps between tectonic plates and flows out onto the surface of the Earth as lava. 
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Extrusive rocks 


A Extrusive igneous rocks dominate the landscape 
around the volcanic Mount Teide (3718m) on the island 
of Tenerife (Spain). 


fractured by explosions. The globules — which emerge 
as liquids but solidify in the air — may appear in a 
variety of forms. 


Pelée's hair 

One variety of pyroclastic material takes the form of a 
fine mass of hair-like glass. It develops when lava that 
has been extruded through a small orifice is blown 
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A At 6959m, Mount Aconcagua (Argentina) is the highest 
mountain in South America. The rocks visible on the 
surface are principally andesite - an extrusive igneous 
rock. Beneath them lie uplifted marine sediments. 


a 
ac. VU 


4 Clouds of vapour and pyroclastic ash being emitted 
from Mount Etna (Sicily, Italy). 


about by the wind, and it is named Pelée’s hair, after 
Mount Pelée (Martinique), where it was first observed. 


Bombs and blocks 

Volcanic explosions may emit chunks of flying lava 
known as bombs and blocks. These vary greatly in 
size, and their shape depends on the amount of gas 
or liquid in the molten lava. 


Pumice and scoriae 

Some pyroclastic rocks are formed from volcanic froth 
and are therefore full of cavities — solidified, partial 
remnants of gas- and liquid-filled bubbles. In scientific 
terms, their structure is said to be vesicular. One of the 
most important of these is pumice, which is less dense 
than water. Denser vesicular materials which do not 
float on water are known as scoriae. 


Tuffs 

Tuff is a general name given to pyroclastic ash 

which has consolidated into rock (lithified). There are 
various types of tuff, most notably ignimbrites (welded 
droplets of volcanic lava and quartz) and palagonite 
tuffs, which develop when eruptions take place under 
water or ice sheets. Palagonite tuffs consist mainly of 
glassy material because they cooled too quickly for 
crystallisation to take place. 


Intrusive equivalents 

Many extrusive rocks have an intrusive equivalent — a 
closely related rock formed deep inside the Earth. The 
intrusive equivalent of extrusive andesite, for example, 
is syenite. 
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Leucitite — rare 
igneous rock 


Phyllite — closely 
related to slate 
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Epidote is a silicate mineral 
which often occurs in 
metamorphic rocks. It 
gives its name to the epidote 
group of minerals. 
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pidote crystals are classified 
in the monoclinic crystal 
system. The mineral 

generally forms as prismatic 

crystals that have striations 

(narrow grooves) on their 

faces. Some members of 

the epidote group have 

crystals classified in 

the monoclinic 

system, while others 

have orthorhombic 

symmetry. 


Main features A Greenish yellow epidote from Piedmont in Italy. 
Epidote is a silicate of calcium, iron and aluminium, 

and also has one hydroxyl radical. It commonly When a specimen of epidote is rubbed against 
occurs as clusters of dark crystals, usually being unglazed porcelain, a greyish streak is produced. 
black, green, grey or sometimes yellowish green. Epidote is a relatively hard mineral, scoring 6—7 
The crystals are prismatic, or sometimes tabular or on the Mohs Scale of hardness, and so cannot be 
acicular. Non-crystalline epidote may be massive, scratched by a steel knife blade. It has a high density 
fibrous or granular. of 3.35 to 3.50. 
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EPIDOTE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: Ca;(AL,Fe);Si;0,;0H 
Hardness: 6—7 

Density: 3.3-3.5 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Black, green, grey, yellowish green 
Streak: Grey 


Lustre: Vitreous 


Fluorescence: None 


< Long prismatic crystals 
of epidote. 


Widespread mineral 


A Prismatic crystals of dark 
epidote on rock. 


> Crystals of epidote with albite 
(the white minerab, which is a 
silicate of sodium and aluminium. 


Metamorphic mineral 

Epidote occurs in many metamorphic rocks, 
especially those formed by regional metamorphism. 
It occurs in phyllite, schist and in slates. In igneous 
rocks, epidote occurs as a very late stage mineral 
from residual fluids of the cooling magma. Such 
minerals often form in veins or in pegmatites. When 
such rocks are weathered and eroded, the minerals of 
high density, including epidote, are deposited in river 
and beach sands. Eventually, such deposits may 


| Epidote occurs in low- to medium-grade regionally 
metamorphosed rocks, especially slate, phyllite and 
Schists. It also forms in some rocks that have been 
metamorphosed by direct heat from igneous rocks 
(contact metamorphism). Certain igneous rocks 
contain scattered crystals of epidote, and because it 
is a hard and quite dense mineral, it is sometimes 
found in alluvial sands. 

Epidote occurs in the following localities: 
Untersulzbachtal, Salzburg (Austria); Brazil; the Ala 
Valley, Piedmont (Italy); Japan; Madagascar; and 
Russia. 

In the USA, epidote is found on Prince of Wales 
Island in Alaska and in San Diego and Riverside 
Counties in California. 


Epidote is a member of the silicate group, and 
contains calcium, aluminium, iron, silicon, oxygen 
and hydrogen. 

Crystals of epidote are prismatic and have grooves 
(striations) running along their surfaces. Epidote 
can also take the form of tiny grains (granular 
masses) or fibres. 


become sandstone with concentrations of heavy 
minerals in them. 


The epidote group 

Epidote has given its name to a small group of 
silicate minerals with similar chemistry. These include 
zoisite, clinozoisite, piemontite and allanite as well as 
epidote itself. All these minerals have crystals with the 
symmetry of the monoclinic system, except zoisite, 
which is orthorhombic. 


Carbonatite contains rare earth 
elements. It is one of the very 

E few igneous rocks that may 

be either extrusive or intrusive. 


arbonatite is usually light 
grey or yellowish in colour. 
It takes its name from the 
carbonate minerals (principally 
calcite and dolomite) of which it 
is mainly composed. Asa rule, the 
darker the carbonatite, the more 
likely it is to include minerals that 
contain rare earth elements. 
Carbonatites are igneous rocks 
containing more than 50 per cent 
@ carbonate minerals. They may be either intrusive or 
volcanic (extrusive) in origin. Intrusive carbonatites 


A Telemark (Norway), which is one of the world's 
richest sources of carbonatite. 


MINERALS PLUS 


FACT FILE 


A The dark patches in this carbonatite are rich in iron- 
bearing minerals, particularly magnetite. 


, Ke igneous rock. It is generally found 


in the form of intrusions, especially in clusters of 
dykes and in plugs. 
Extrusive carbonatites occur as lavas and tuffs, 
mostly on the stable interiors of continents. 
Carbonatite is widespread in many parts of 


the world, including the following locations: 
Oka (Canada); Chilwa Province (Malawi); Telemark 
(Norway); the Kola Peninsula (Russia); Alnö (Sweden); 
and Ol Doinyo Lengai volcano (Tanzania). 
In the USA, mineral-rich carbonatites are found at 
Magnet Cove (Arkansas), Mountain Pass (California) 
and Iron Hill (Colorado). 


CARBONATITE 


Type: Extrusive and intrusive igneous rock 


Essential components: Calcite, dolomite 


Secondary components: Magnetite, rare earth minerals 
Colour: Light grey, yellowish 


Texture: Crystalline 


Grain size: Fine, medium or coarse 


Density: 2.7 


MINERALS PLUS | 


A The yellowish white colour of carbonatite 

is caused by calcite and dolomite, carbonate 
minerals which make up more than 50 per cent 
by volume of this rock. The dark brown areas 
may contain rare earth metals. 


> The pale areas visible in this 
carbonatite are calcite and dolomite. 
Detailed analysis might reveal small 
quantities of other minerals. 


are commonly associated with nepheline 
syenite: this suggests that they originated 
very deep in the Earth's lower crust and 
upper mantle (that is, they are plutonic). 
Extrusive carbonatites are less common and 
sometimes occur in lava flows. 

Carbonatite is an unusual igneous rock. 
Carbonate minerals such as calcite and dolomite 
are more usually associated with sedimentary 
limestones than with igneous rocks. One of the main 
interests of carbonatites is the rare earth elements they 
often contain. Monazite, which contains neodymium, 
cerium and thorium, is one such mineral. 


Industrial uses 

Carbonatite is a source of many valuable minerals. 
Among the most important of these are apatite (which 
is used to make chemical fertilisers), fluorite (used in 
the manufacture of hydrofluoric acid for the optical, 
plastics and pottery industries) and magnetite (one of 
the principal ores of iron). 


CHARACTERISTICS 


The two essential components of carbonatite are 
calcite (calcium carbonate) and dolomite (calcium 
magnesium carbonate): these minerals comprise 
over 50 per cent of the total mass of this rock. 

Carbonatite is also rich in accessory minerals. 
These include: barite (Darium sulphate); columbite 
(an oxide of iron, manganese, niobium and 
tantalum); fluorite (calcium fluoride); ilmenite (iron 
titanium oxide); magnetite (iron oxide); monazite 
(a phosphate of the rare earth metals cerium, 
lanthanum, neodymium and thorium); olivine 
(magnesium iron silicate); perovskite (calcium 
titanium oxide); pyrite (iron sulphide); and titanite 
(calcium titanium silicate). 

Different carbonatites can vary in grain size. 
Those formed underground in igneous intrusions 
are coarse- or medium-grained, while extrusive 
carbonatites are fine-grained. Because of their high 
content of calcite and dolomite, they are pale- 
coloured rocks with a crystalline, usually 
equigranular, texture (having grains of equal size). 


Carbonatites also contain minerals which are 
sources of the rare earth elements, a group of silvery, 
reactive metals. Cerium, an important member of 
this group, is used in the manufacture of catalytic 
converters, flat-screen televisions and low-energy 
light bulbs. Neodymium is a component of 
indusrial magnets. 

Lanthanum, another member of this group, is 
an important catalyst in the refining of crude oil; 
thorium is used in heat-resistant refractory materials 
and in oil refining. 


Leucitite is a rare igneous rock 
that is rich in the feldspathoid 
mineral " 
leucite, but is 

lacking in quartz. 


eucitite is so called "v 
because its essential 
component is the mineral 


leucite. Although both names are 
derived from the Greek leukos, 
meaning ‘white’, leucitite is rarely 
white. Most of it is coloured black, 
brown or grey by magnesium- and 
iron-rich minerals. 
Leucitite is an extrusive igneous rock 
made of lava which has been emitted 
È from volcanoes and solidified on the 
surface of the Earth. It is a pale coloured rock, 
that is usually grey or brown, and sometimes even 
white. This results from the abundance of the 
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feldspathoid mineral leucite in the rock. It is a fine- A Leucitite from southern Scotland showing a fine- 
grained rock, having cooled rapidly from lava, but grained rock with porphyritic texture. Many of the 
may have a porphyritic texture. pale phenocrysts are feldspathoid minerals. 


LEUCITITE 


Type: Extrusive igneous rock 


Essential component: Leucite 


Secondary components: 
Augite, hauyne, hornblende, 
magnetite, melilite 


Colour: Black, brown, grey, white 
Texture: Porphyritic 


Grain size: Fine 
Density: 2.8-2.9 


< A specimen of leucitite 
from Italy with large 
phenocrysts set in a fine- 
grained greyish matrix. 


Extrusive igneous roc 


MINERALS PLI 


A Leucitite in cross section. The white areas are crystals 
of leucite; the brown areas are accessory minerals such 
as hornblende. 


Phenocrysts 

The most readily distinguishable features of leucitite 
are the large, single crystals (phenocrysts) of augite 
and leucite that give the rock its porphyritic texture. 
These are set in a groundmass of further microscopic 
crystals of the same minerals, together with a 
combination of fine-grained biotite, hauyne, 
hornblende, melilite and olivine. 


Similar rocks 
Leucitite is closely related to basalt. It always contains 
leucite (an aluminosilicate of potassium) and is 
devoid of both quartz and feldspar. The overall 
mineral composition of leucitite is broadly similar to 
that of nephelinite, another extrusive igneous rock 
which contains nepheline rather than leucite. 

Leucitite is often formed in association with 
basanite and tephrite — two closely related extrusive 
igneous rocks. As the three types grade into each 
other, they may form intermediate zones which 
contain varying quantities of leucite. 

Some of the rocks that comprise these zones 
have been given names based on their mineral 
composition: leucite-basalt and leucite-basanite, 


As its name implies, the essential mineral in 
leucitite is leucite, an aluminosilicate of potassium 
with the chemical formula KAISi20s. 

The following are among leucitite's most 
important accessory minerals: augite (a silicate of 
calcium, magnesium and iron); hauyne (a complex 
aluminosilicate of sodium and calcium); hornblende 
(an aluminosilicate of calcium, magnesium and iron); 
magnetite (iron oxide); melilite (a member of the 
akermanite-gehlenite solid solution series); and 
olivine (a group name for silicates of magnesium 
and/or iron). 


ORIGINS and DISTRIBUTION aò 


- Leucitite ‘or S from lava which has been extruded 
onto the surface of the Earth as a result of volcanic 
activity. | 

Although leucitite is generally rare, in some places 
it forms extensive sheets. One of the most remarkable 
such occurrences stretches 280km from the slopes of 
the volcanic Mount Vesuvius (whence the lava 
originated) to Lake Bolsena, north of Rome (Italy). 

Elsewhere, some of the most important 
leucitites are found in the following locations: the 
Kimberley range (Australia); the Democratic Republic 
of the Congo; Bühne (Germany); Celebes and Java 
(Indonesia); Tanzania; Mufumbiro (Uganda); and the 
Bearpaw Mountains, Montana and the Leucite Hills, 
Wyoming (USA). i 


A Grey leucitite with a clearly visible fine-grained 
texture. 


for example. These rocks are often superficially 
indistinguishable, with the result that microscopic 
examination and chemical analysis may be required 
to reveal the important differences between them and 
true leucitite. 


Closely related to slate, 

phyllite is a widespread 

metamorphic rock noted 
for its foliated sructure. 


hyllite is usually greenish or greyish with a 
distinctive silvery sheen (lustre). It generally 
a wavy, foliated structure and its name is 
derived from the Greek p/yllos, meaning ‘leaf’. 
Phyllite is a widespread rock produced by the 
metamorphism of clays and shales. The temperatures 
and pressures at which it forms are low, and as a 
result phyllite may retain some of the characteristic 
features — notably the original minerals and the 
sedimentary bedding — of the pre-existent material 
from which it formed. 
This regionally metamorphosed rock 
forms during what is called low-grade regional 
metamorphism. At the low temperatures and 
pressures involved, not all pre-formed rocks are 
altered. Phyllite results from the metamorphism of 
rocks which are readily changed by these conditions. 
Some rocks, however, resist these low 
temperatures and pressures. Most igneous rocks, 
such as dolerite and granite, and sedimentary rocks 
including sandstone and orthoquartzite, are not 


A This specimen of phyllite contains chlorite, which 
gives it its greenish colouring. 


A The slate-like structure of this specimen of 

phyllite is a product of the low-grade metamorphism: 
complete metamorphism would have fully altered 
the rock. 


CHARACTERISTICS 


Phyllite is a fine- to medium-grained green or grey 
regionally metamorphosed rock. In some specimens 
individual crystals may be detected with the naked 
eye. The minerals are set along wavy bands - planes 
of foliation - which characterise the rock and set it 
apart from finer-grained slate, which has distinct flat 
cleavage planes. 

Phyllite may contain a wide range of minerals. 
The three essential components are chlorite and 
muscovite (complex silicates of the mica group) 
together with quartz (silicon dioxide). 

The main accessory minerals in phyllite are as 
follows: albite (an aluminosilicate of the feldspar 
group); apatite (calcium fluorophosphate); graphite 
(carbon); hematite (iron oxide); ilmenite (iron 
titanium oxide); magnetite (an iron oxide of the 
spinel group); pyrite (iron sulphide); and tourmaline 
(a borosilicate of sodium and other metals). 


‘Metamorphic rock _ 


PHYLLITE 


Type: Metamorphic rock 


Essential components: Chlorite, muscovite, quartz 


Secondary components: Albite, apatite, graphite, hematite, pyrite 


Colour: Greenish or greyish 
Structure: Schistose (foliated) 
Grain size: Fine 

Density: 2.7-2.8 


metamorphosed until quite high temperatures and 
pressures occur. 

Phyllite is midway between slate and schist in 
terms of its mineral content and structure. It lacks 
the cleavage planes characteristic of slate and tends to 
have a less marked foliation than schist. The grain 
size of phyllite is coarser than that of slate but not as 
coarse as that of schist. 


Graphite content 

The clays from which phyllite originates are 
sometimes rich in organic material, and this may be 
transformed under pressure into graphite, a form of 
carbon with a similar layer-like structure to phyllite. 


Related rocks 

The grain size of phyllite is intermediate between 
those of slate and schist, the two most closely related 
rock types. Although coarser-grained than slate, 
phyllite’s component particles are nevertheless usually 
invisible without the aid of a hand lens. The grains of 
schist, by contrast, are readily apparent to the naked 
eye. Another key difference is that phyllite has a 

more striking sheen than slate. 


4 Fine-grained phyllite 
from central Scotland. 
The sheen on the 
foliation surfaces is due 
to the mineral mica. 


v Folded phyllite on 
the coast of Cornwall 
(England). The bands of 
phyllite alternate with 
pale quartz. 


pelitic) rocks of sedimentary origin are subjected to 
low temperature and pressure (low-grade regional 
metamorphism). Some phyllite may grade into mica 
schist, a closely related rock with a coarser grain size. 

Phyllite is widespread throughout many parts of 
the world and is abundant in the eastern and central 
Alps, particularly around Landeck (Austria) and 
Sondrio (italy). 

Elsewhere, phyllites are found in the following 
locations: Cooma, New South Wales (Australia); the 
Ardennes (Belgium); the Bohemian Massif (Czech 
Republic); Devon (England); the Rhineland Massif 
(Germany); Northern Ireland; Sulitjelma (Norway); 
and Loch Leven (Scotland). i 


Phyllite is formed when fine-grained (argillaceous or 


ROUNDWORK | 


8 S. 
m 
e r o 
& m 
a 
Turkey spans two = 
continents: the TERT | ^g i 
larger part lies in E AIT ^ | EM 
Asia and is KNOWN | ejor minera GEORGIA | EM 
ia- TH Black Sea | < | 
as Anatolia; the WHEN Sm lack men 
smaller, European Armonia | 
- la eau, 
part is called Din REA amiet E 
Thrace. The PAA soos Ww ponti MS Q 
country is [Xo ii, P 4 | 
GREECE S gam D sd | 
bordered to 1 Marmara ` t gio li Anatolia, | 
the north by ag m herir Platoa m Diyarbaki s. 
m Kayseri \ 
the Black Sea and | r » Dno. 
Georgia, to the T tu mir COSME gait 
east by Armenia E 1 Í 
and Iran, to the 4... "m" oe SYRIA 
south by the 
Mediterranean a a i IRAQ 
Sea, Syria and 


Iraq, to the west by the 
Aegean Sea, and to the 
northwest by Greece 
and Bulgaria. 


> Life for many Turkish people is 
still quite primitive. Here women do 
their washing in a stream running 
through a Kurdish village. 


p | Y urkey contains rich mineral deposits, although The lie of the land 
several have not yet been fully exploited. As Turkey is, in general, a country of rugged mountains 
well as producing bauxite, copper and iron ore, with a mean elevation of 1100m which encircle the 
Turkey is a major producer of chromite. Lead, zinc, high inland Anatolian Plateau, a semi-arid massif 


manganese ores and sulphur are also mined. divided into several basins. The Pontic and Taurus 


ge SS 
) 


A An open-pit marble mine near Diyarbakir in 
eastern Turkey. 


> Part of the ruins of the ancient Greek Odeon (small 
roofed theatre) that was built at Ephesus south of 
Izmir on the west coast of Turkey around 150 AD. 


mountain ranges separate the plateau from the 
narrow coastal lowlands. 

Eastern Turkey comprises high ranges and 
volcanoes such as Mount Ararat (5122m), the highest 
peak in Turkey. Western Turkey has long mountain 
ridges, and the plateaux around Istanbul in the 
northwest are dissected by valleys such as those 
containing the Bosporus and the Dardanelles Straits. 

The Black Sea region is dominated by the Pontic 
Mountains, with broad river valleys occupying the 
land between the ranges. The ranges rise abruptly 
from the sea in the west to heights of over 2000m. 
Many of the highest points are volcanic. 

The Aegean coastal region contains highlands 
which are lower than those surrounding the Black 
Sea. Subsidence has produced a drowned coast 
from which highland ridges stretch into the sea as 
headlands. The valley lowlands between the ridges 
provide some of the most productive soils in Turkey. 

The Taurus Mountains, which lie between 
Silifke and Kayseri in the interior, dominate the 
Mediterranean coast. 


Natural resources 

Compared with neighbouring countries, Turkey is 
rich in minerals, and mining has been an important 
activity since the earliest times. Turkey is the world's 
fourth most important producer of chromite (more 
than one million tonnes in 2006), which is mined at 


Maras and Fethiye. The other important metallic ore 


is iron (four million tonnes in 2005), which is mined 
principally at Divrigi. 

Turkey also has large deposits of evaporite 
minerals, such as borates, chlorides and sulphates. It 
also has one of the world's most important sources of 
meerschaum, at Eskischehir. Also known as sepiolite, 
meerschaum — the word means ‘sea foam’ in German 
— is a hydrated silicate of magnesium used for 
making tobacco pipe bowls. 


Lignite deposits 
Turkey is the only Middle Eastern country with 
important coal deposits — mostly in the Zonguldak 
field — and five million tonnes are produced here 
annually. Some 46 million tonnes of lignite are also 
mined every year, and there is now small-scale 
production of oil (three million tonnes a year) in the 
southeast of the country. | 
Elsewhere, small localised deposits of bauxite, 
copper and iron ore provide raw materials for l 
Turkey's manufacturing industries. 
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Deserts - 


A desert is an extensive area of arid 

land which loses more water through 
evaporation than it gains from 
precipitation. Today, more than one 
third of the Earth's surface area is desert 
or displays desert-like characteristics. 


desert may broadly be defined as an extensive 
A arid area in which there is no more than 

250mm of rain and dew a year. Some desert 
regions may go without water for as long as 30 months 
at a stretch. Plants may appear briefly after rainfall, but 
for most of the time there is no vegetation. 

The world’s main deserts are distributed across two 
parallel bands lying about 25° north and south of the 
Equator. 

The formation of a desert depends to a large extent 
on the prevailing climate, and deserts are found either 
in and around areas of consistently high atmospheric 
pressure, or on the lee side of high mountain ranges, 
which cut them off from normal rainfall. 


High-pressure areas A The vertical fractures in the sandstone of the Baby 
The world’s largest desert, the Sahara in north Africa, Rocks mesa have been deepened by wind erosion 

and the almost contiguous arid regions of the Middle (Kayenta, Arizona USA). 

East are caused by consistently high atmospheric 

pressure. The deserts of the southern hemisphere — AA The sand dunes at Erg Chebbi in the Sahara Desert 
the Atacama (Chile), the Namib and the Kalahari (Morocco). Some of the dunes, which are formed from 
(southern Africa) and the continental interior of wind-blown sand, are 150m high. 


Desrts 


Western Australia — all lie slightly to the east of 
persistent high-pressure areas. 


Other deserts are formed on the lee side of large 
mountain ranges which prevent moist ocean air from 
moving inland. This is known as the rain shadow 
effect, and the Mojave Desert of California and 
Nevada (USA) is caused in this way. So, too, is the 
Gobi Desert (China), which covers an area sheltered 
by the Himalaya Mountains to the south. 

The deserts of eastern and central Australia are 
sheltered from prevailing southeasterly trade winds by 
the Great Dividing Range of mountains. The most 
familiar desert scenery — barren landscapes of rock and 
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Red Rock Canyon in the 
Mojave Desert, Nevada 
(USA). The valley floor 
supports the growth of 
wild vegetation such as 
cheatgrass and red brome. 


sand — is the product of 
thousands of years of 
persistent aridity. 


Deserts are particularly 
affected by wind, which 
in some regions is the 
dominant force shaping 
the landscape. Products 
of wind erosion and 
deposition are called 
aeolian features, after Aeolus, the Greek god of the 
winds. The most common product of wind erosion 
is vertical fracturing of rocks; the best-known aeolian 
depositions are sand dunes. 

Although desert rainfall is occasional and 
unpredictable, it may have a significant effect on the 
landscape. After long periods of aridity, a sudden 
thunderstorm may create flash floods and seasonal 
lakes (playas). Permanent water sources derive from 
underground springs and wells. Where the surface of 
the desert falls beneath the water table, a fertile patch 
of land may form: this is known as an oasis. 


Rocks exposed above the sand in the Sahara 
Desert (Algeria). 
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Unconformity 


An unconformity is the name given to a ‘time gap’ 


or interruption in the geological record, 


and may be the result of non-deposition of strata or erosion. 


he layers of 

sedimentary rocks 

in the Earth’s crust, 
along with the igneous and 
metamorphic rocks, make 
up the history of events 
which occurred during 
past geological time. These 
events may simply have 
been mud accumulating on 
the sea bed, or the violent 
eruptions of volcanoes. All 
are recorded in the rocks, 
along with the record of 
living organisms (the fossil 
record). Nowhere is this 
sequence of rocks complete 
and geologists have to use 
the rocks from many 
different places to try 
and make a full record. 
In any given location the 
geological sequence will 
have interruptions 
(unconformities). At these 
points there is a ‘time gap’ 
and relatively young rocks 
lie on older rocks; the rocks 
which would have been in 
between them are missing. 
The unconformity is the 
surface separating the two 
series of rocks. 


Pre-Cambrian and 
younger rocks 

The unconformity often 
found between rocks of 
Pre-Cambrian age and 
younger overlying rocks 
shows many of the 
typical features of an 
unconformity. Pre- 
Cambrian rocks are often 
highly metamorphosed and 
folded as a result of 


b 
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A The Thornton Force waterfall at Ingleton, North Yorkshire (England). The water 
cascades over horizontally bedded limestone of Carboniferous age. These rocks rest 
with unconformity on inclined slates of Lower Palaeozoic age. 
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mountain building. These 
mountains were eroded and 
weathered over millions of 
years and reduced, in many 
parts of the world, to a 
relatively flat surface. 

Eventually, the flat 
eroded surface of the Pre- 
Cambrian rocks was covered 
by the sea and deposition of 
new strata, in many cases 
hundred of millions of years 
younger, took place. The 
surface between the two rock 
types, the very old Pre- 
Cambrian ones and the 
much younger ones, is an 
unconformity. Here the 
unconformity is a direct 
result of weathering and 
erosion of the older rocks, 
and then deposition of a 
younger series. 
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4 The unconformity between the highly 
metamorphosed Lewisian gneiss and 
overlying Torridonian conglomerate at 
Clachtoll, Sutherland (Scotland). 


Use of fossils 

Not all unconformities are as obvious 
as this example. A period of non- 
deposition of sediment can produce an 
unconformity. In this case, the rocks 
below and above the unconformity may 
be of similar type but the relative age 
difference between them is apparent 
from studying the fossils contained 

in them. 


Recent examples 
In much of the northern hemisphere 
the recent Ice Age ended only 10,000 
years ago. The ice sheets and glaciers 
deposited huge amounts of sediment, 
mainly in low lying regions. This 
sediment — boulder clay, sands 
and gravels — rests on the pre-Ice Age 
land surface, and this surface is an 
unconformity between the older rocks 
forming the original land surface and 
the glacial deposits. 

In some places, where boulder 
clay rests on Pre-Cambrian rocks, this 
unconformity is a time gap representing 
thousands of millions of years. Where 
the Ice Age deposits are on certain 
Tertiary strata, the unconformity time 
gap is only a mere 30 million years. 


v Hutton's Unconformity at Siccar Point, southwest Scotland. Here red, horizontal 
Devonian sandstones rest on steeply dipping greywackes of Silurian age. 
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Chrysoprase 


Chrysoprase is a form 
of chalcedony that is 
green in colour. It is 
sometimes used in jewellery. 


he name chrysoprase 
is derived from the 
Greek words 


meaning ‘gold’ and ‘leek’, 
and refers to the green 
colour of this variety of 
chalcedony. 


Botryoidal shapes 

Because chrysoprase is a form 

of chalcedony, it occurs in botryoidal 

shapes (like a bunch of grapes). Though 

classified in the trigonal crystal system, chalcedony 
only forms microscopic crystals, and this habit is 
referred to as cryptocrystalline. These minute, 
often poorly formed, crystals combine to make the 
various forms of chalcedony, which has the same 
chemical composition as quartz and is an oxide of 
silicon (SiO;). 

As well as the green variety, chrysoprase, 
chalcedony can be a number of other colours, 
ranging from red (carnelian) to blue, white and 
brown. The green colour of chrysoprase is caused by 
nickel and hydrated silicates within the chemical 
structure of the mineral. 

Some forms of chalcedony are transparent, 
while others are opaque. The colour is apt to fade in 


sunlight and heat, but it has been found that putting 


the mineral in a container with high humidity may 
restore the colouring. 


A Bright emerald green chrysoprase on rock. The colour 
is caused by traces of nickel in the mineral's structure. 


ORIGINS and DISTRIBUTION & 


Chalcedony, including chrysoprase, oceni in 


mineral veins and as the linin 1 the inside of 

cavities in various rocks, where it forms at low - 
temperatures from silica-rich solutions. It It is often 

found in vesicles in basaltic lavas and in ‘association 

with chert (silica nodules in limestone). 

Chrysoprase occurs in many parts of the world, 
especially Australia, Germany, Poland and Russia. It is 
also found in California and Arizona in the USA. 


v Cut and polished specimens of chrysoprase, 
the green form of chalcedony. 


Rare gemstone 


Ornamental uses 

Chrysoprase has been used for thousands of years for 
ornamental purposes — the early Greeks and Romans 
polished it into beads. It has also been used to decorate 
the walls of churches and other buildings. Today, 
chrysoprase is usually fashioned into cabochons, and 
material with an even colouring is favoured for cameos 
and beads. It has been called imperial jade. 


Prase 

Prase is a different mineral from chrysoprase. It is a 
form of quartz and so can occur as prismatic crystals. 
Prase is coloured green by inclusions of chlorite. 


FACT FILE 


CHRYSOPRASE 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO, 
Hardness: 67 

Density: 2.65 
Cleavage: None 


Fracture: Conchoidal 


Colour: Green 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


A Pale, almost translucent chrysoprase on rock. 


CHARACTERISTICS 


Chrysoprase is a green variety of chalcedony. Its 
colour varies from dark to pale apple green and is 
caused by very small amounts of nickel within its 
chemical structure. 

Chemically, chrysoprase is silicon dioxide (SiO,), 
the same as quartz. Unlike quartz, however, 
chrysoprase - as a form of chalcedony - occurs in 
cryptocrystalline form, being composed of minute 
crystals which make up botryoidal (shaped like a 
bunch of grapes) masses. 


4 Small specimens of chrysoprase. The stones are 
often tumbled to form beads, and have been used 
ornamentally for thousands of years. 


Y Intense green beads of chrysoprase, 
some of which are transparent. 
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Rhodochrosite 


R, Rhodochrosite is an 
important source 
of manganese. 
The finest specimens are of gem 
quality and are widely used in 
jewellery and ornamentation. 


he name rhodochrosite is derived from 

the Greek words rhodos, meaning ‘rose’, 

and khros, meaning ‘colour’. This is the 
distinctive colour of most specimens, although 
some may be brownish or light grey. Clear pink 
crystals and specimens showing an alternating 
red and pink banding are popular in jewellery 
and ornamentation. Although rhodochrosite 
has been known for hundreds of years, it was 
not until 1813 that it was first identified as a 
distinct mineral. 

Together with pyrolusite, rhodochrosite 
is one of the principal sources of manganese, 

a metallic element which is widely used in 
ferromagnetic alloys and in various forms 
of steel. 

Rhodochrosite (manganese carbonate, 
MnCO),) has a similar chemistry to calcite 
(calcium carbonate, CaCO3) and siderite (iron 
carbonate, FeCO3). It is a member of the calcite 
group of minerals which also includes magnetite 
and smithsonite. Its brilliant pink to reddish 
colouring is its most distinctive feature. 


A Crystals of 
rhodochrosite from 
RHODOCHROSITE Colorado (USA). 
Group: Carbonates 
Crystal system: Trigonal 
Chemical formula: MnC0; 
Hardness: 34-4 
Density: 3.4-3.7 
Cleavage: Perfect 
Fracture: Uneven 
Colour: Pink, red, brownish, grey 
Streak: White 
Lustre: Vitreous to pearly 3 " <A rhodochrosite 
A Rhodochrosite fashioned into Fluorescence: None s gemstone faceted in 
the popular drop cut. the round cut. 


Semi-precious stone 


» An individual crystal of 
rhodochrosite (Mexico). 


v These two 
rhodochrosite gemstones 
were cut from crystals 
mined at Hotazel 

(South Africa). 


4 Rhodochrosite 
fashioned in the 
smooth, domed 
cabochon style. 
Note the 
alternating 
bands of pale 
pink and red. 


Solid solution series 

In scientific terms, rhodochrosite is said to form a 
solid solution series with the minerals calcite (calcium 
carbonate) and siderite (iron carbonate). These three 
minerals meld into each other gradually, and it may be 
difficult to determine the exact composition of any 
given specimen without detailed tests. 


Tests 
The distinctive pink coloration of rhodochrosite 
sets it apart from other members of the series. It is 
similar to rhodonite (a silicate of manganese) but can 
be distinguished from it by its hardness: rhodonite 
scores 54—64 on the Mohs Scale, while rhodochrosite 
has a rating of only 34-4. 

When placed in warm hydrochloric acid, 
rhodochrosite dissolves with an effervescent fizz. 


CHARACTERISTICS 


Rhodchrosite is a member of the carbonate group 
of minerals. It is a carbonate of manganese, and it is 
from this metallic element that the mineral derives D 
its pink coloration. 

Crystals of rhodochrosite conform to the 
trigonal system of symmetry. However, crystals are 
fairly rare; when they do occur, they are prismatic 
or tabular. More often, rhodochrosite occurs as 
nodular, globular or botryoidal masses with a 
banded internal structure. The bands are usually 
of differing shades of pink and red. 

Rhodochrosite is a relatively soft mineral, scoring 
between 37 and 4 on the Mohs Scale of hardness, 
So it can be scratched by a knife blade but not 
by a coin. Its manganese content gives it a higher 
than average density of 3.7. It has a pearly or 
vitreous lustre. 

On exposure to air, some specimens of 
rhodochrosite may develop a black or brown crust: 
this may be removed by wiping the affected 
surfaces with dilute hydrochloric acid. 
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Rhodochrosite occurs in hydrothermal veins with 
copper, lead and silver minerals, and as a secondary 
mineral in manganese oxide deposits. 

Some of the world's main occurrences of 
rhodochrosite are found in the following locations: 
Catamarca (Argentina); Kapnik (Romania); Hotazel 
(South Africa); and Butte, Montana (USA). 
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Kaolinite 


Kaolinite is the source of 
china clay, the essential t 
raw material in the 3 
manufacture of chinaware 
and porcelain. 


aolinite is typically grey, 
white or colourless, but 
many specimens are 


coloured by a wide range of 

impurities and may be bluish, 

brownish, reddish or yellowish. 

The name is derived from Kaoling 

(‘high hill’), the area of China from 

which were extracted the first supplies of 
china clay to reach Europe in about 1700. 


The kaolinite group 

The kaolinite group of minerals includes kaolinite, 
nacrite, dickite and halloysite. These are all clay 
minerals and are hydrous aluminium silicates. 
Kaolinite is polymorphous with the other three 
minerals, all having the same chemical composition 
but different crystal forms. Kaolinite occurs as small 
flat scales with a hexagonal outline; its rare crystals 
are classified in the triclinic system. More commonly, 
kaolinite, like other members of the group, occurs as 
irregular specimens in compact and earthy masses. Its 
colour is variable. It is usually colourless, grey, white, 
brown or yellowish and the streak is white. 


A Kaolinite is formed when granite is altered by hot 
fluids. Here the white kaolinite clay surrounds black 
mica and grey quartz. 


4 This close-up 
view of a specimen 
of kaolinite shows it to 
be a soft, friable, white clay 
with a powdery appearance. 


KAOLINITE 


Group: Silicates 


Crystal system: Triclinic 
Chemical formula: AL;Si;0;(0H), 
Hardness: 2-27 

Density: 2.6 

Cleavage: Perfect 


Fracture: Uneven 

Colour: White, grey, colourless 
Streak: White 

Lustre: Pearly to dull, earthy 
Fluorescence: None 


CHARACTERISTICS 


Kaolinite is a silicate mineral with crystals that conform 
to the triclinic system of symmetry. Each molecule is 
composed of two atoms of aluminium, two atoms of 
silicon, five atoms of oxygen and four molecules of the 
hydroxyl radical (chemical formula OH). 

However, kaolinite rarely ocurs as crystals; it is 
usually found as crumbly or compact masses. At 
2-24 on the Mohs Scale of hardness, kaolinite is a 
very soft mineral. 
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In some areas kaolinite group 
minerals occur on a very large scale. 
In southwest England, for example, 
much kaolinite has formed as a result 
of hydrothermal alteration of feldspar 
in granite. This causes the granite to 
become a mixture of clay minerals with 
quartz and mica sand. The kaolinite 
(china clay) can be extracted from the 
granite using high pressure water, and it 
is then run off into settling tanks. 


industrial uses 

Kaolinite is one of the main 
components of china clay. When 
china clay is mixed with 20-35 per 
cent water, it becomes easy to mould 
(plastic) under pressure and retains 

its shape after the pressure has been 
removed: these properties make it an 
ideal material for pottery, and it is thus 
the source of most of the world's finest 
ornamental porcelain. 

More than 40 per cent of the 
kaolinite mined each year is used in 
the manufacture of paper; kaolinite is 
a filler which gives paper sheets body, 
colour and opacity, and makes them 
suitable for use in printing. 

Kaolinite is also important in the 
ceramics industry because its high 
melting point (fusion temperature) 
makes it suitable for heat-resistant 
chinaware and the walls of kilns 
and ovens. 


Tests 
Kaolinite is plastic when wet, and loses 
water when heated in a closed test tube. 
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<The workings of an 
abandoned china clay 


mine on the island of M) 
Lipari, off the coast of 
Sicily (Italy). 


ORIGINS and DISTRIBUTION 


Kaolinite is an alteration product formed through the 
decomposition of feldspars, either by the action of 
hydrothermal fluids or by weathering, especially in 
warm and humid environments. 

Some of the world's most industrially important kaolinite is 
found in the following locations: Janchu Fa (China); Bohemia (Czech 
Republic); Cornwall (England); Limoges (France); Bavaria and Saxony ns 
(Germany); Grosseto, Livorno, Novara, Sardinia and Vicenza (Italy); the 
Ural Mountains (Russia); and Georgia and Richmond, Virginia (USA). 


A A porcelain sauce boat from 
the 19th century, made in Limoges 
(France). In addition to being easy 
to shape, kaolinite is also suitable 
for detailed surface painting. 


< An 18th-century porcelain figure 
from Limoges (France). Since the 
16th century, this town in the 
Dordogne region of France has 
been world-famous for producing 
pottery that has been designed and 
decorated to resemble sculpture. 


Loess 


Loess is an accumulation of 

very fine-grained mineral 

particles which have been 
transported by the wind. 


oess is very loosely compacted and may be 

brown, buff, grey or yellow in colour. Its name 

is derived from the German Löss, which itself 
comes from the Swiss German dialect word /ésch, 
meaning ‘loose’. 


A dust deposit 

Loess is a dust deposit that has been carried by the 
wind and deposited when the wind speed falls below 
a certain level. The dust itself is derived from glacial 
erosion. Areas of intense cold are regions of high 
atmospheric pressure with cold dense air occurring 
near the ground. Winds tend to blow out from such 


places and carry fine-grained, dust-like sedimentary 
particles with them. This happened during the last 
Ice Age, and much of northern Europe, China and 
North America have considerable deposits of loess, 
which usually produces a fertile soil. 


IMINERALS PLUS 


A This section of a low cliff has an uppermost layer of 
loess with plants rooting in it. 


v The mountainous region of Laakh (India), showing 
some deposits of loess. Loess covers about 10 per cent 
of the total land surface of the Earth, and provides 
fertile soils for many forms of agriculture. 


MINERALS PLUS 


Sedimentary rock 


A A brown layer of loess resting on a rocky beach on 
the northeast coast of Guernsey (England). 


FACT FILE 


LOESS 


Type: Sedimentary rock 


Essential components: Feldspar, quartz, calcite, mica 


Secondary components: Various minerals 


Colour: Brown, buff, grey, yellow 


Texture: Unconsolidated and porous 


Structure: Unstratified 


Grain size: Very fine 
Density: 2.6 


Angular fragments 

Loess is composed mainly of minute angular fragments 
of quartz, feldspar and calcite. In China and Europe 
loess is unstratified, soft and crumbly. Running 
vertically through some loess deposits are thin tubes 
cemented by calcite. These are of uncertain origin, but 
may be the traces of fibrous roots. 

In certain regions loess forms deposits of some 
thickness and stands in cliffs hundreds of feet high. 
When loess is eroded and redeposited by the action of 
rivers, the resulting material is called brick-earth, of 
which there are accumulations in southern England. 


Porous rock 

Although loess is only loosely consolidated, it is fairly 
resistant to change (is stable) as long as it remains dry. 
However, it is porous, and when it becomes saturated 
it may slump and slide. 


Loess is composed of common minerals including 
quartz and feldspar (40-80 per cent quartz and 10-20 
per cent feldspar). These two make up the bulk of 
the rock but calcite, mica and other minerals can 
also be present. The component minerals occur as 
very small angular fragments and the rock is 
unstratified. It is fine-grained and poorly cemented, 
being crumbly. The overall colour is generally 
brownish, grey or yellowish. 
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Loess is an accumulation of minute particles which 
have been dislodged and transported by the wind 
from the margins of ice sheets. 

Some of the world's most extensive deposits of 
loess are found in the following regions: the Pampas 
(Argentina); the banks of the Huang Ho River (China); 
southern England; the Paris Basin (France); northern 
Germany; Kazakhstan; northern Norway; around Lake 
Baikal and the Lena and Ob rivers (Russia); the 
Mississippi, Missouri and Ohio river basins (USA); and 
the Caspian Sea (Uzbekistan). 


Groundwater flow in loess will carry away 
fine, insoluble material, and this mechanical 
separation may be accompanied by chemical 
alteration of the component minerals. This gives 
rise to depressions, gullies, loess wells, sinkholes 
and ravines. 
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On the mineral trail: 
The Philippines 


The Republic of the 
Philippines lies in the 
western Pacific Ocean, 
about 1100km east of 
the coast of Vietnam. 
The country 

comprises 

more than 

7000 islands 

of the 

Philippines 

group and occupies a 
total area of about 
300,000 sq. km. The 
capital, Manila, is on 
the island of Luzon. 

To the north, the 
Philippines are 
separated from Taiwan 
by the Bashi Channel. 
They are bounded 

on the east by the 
Philippines Sea, on the 
south by the Celebes 
Sea, on the southwest 
by the Sulu Sea, and on 
the west by the South 
China Sea. The nearest 
foreign land is the 
island of Borneo. 


BORNEO 


he Philippines comprise about 7100 islands, 

of which only 460 are larger than 206 sq. 

km. Only 11 islands occupy an area greater 
than 2590 sq. km each, and these contain most of 
the country's population of 65 million. These islands 
are Luzon (104,688 sq. km), Mindanao (94,630 sq. 
km), Samar, Negros, Palawan, Panay, Mindoro, 
Leyte, Cebu, Bohol and Masbate. 


^ MINDANAO 


A Mt Apo 


Celebes Sea 


The country has plentiful natural resources, 
including chromite, coal, copper, gold, iron, lead, 
limestone, manganese, mercury, nickel, silver, uranium 
and zinc. 

Luzon is the principal source of mineral 
wealth and the main island for industry. Some 
petroleum is extracted off the northwest coast 
of Palawan. 
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On the mineral tra 


A The fertile valleys of the Philippines are ideal for the 
cultivation of rice. These terraces have been farmed for 
more than 3000 years. 


> Much of the higher ground of the Philippines is 
covered with jungle like this. 


The lie of the land 

The Philippines are the most northerly island 

group in the Malay Archipelago and extend 1850km 
between Borneo and Taiwan. From east to west, the 
islands extend for more than 1100km. 

The islands are of volcanic origin and are really 
the summits of a partly submerged mountain mass. 
There are still 20 active volcanoes, and earthquakes 
are frequent. 

The smaller islands are mainly mountainous, but 
Luzon and Mindanao also have broad plains and 
fertile valleys in the interior. In northern Luzon, a 
plain 80km wide is flanked by the Sierra Madre in 
the east. 

The highest point in the country is the dormant 
volcano Mount Apo (2954m) on Mindanao. To 
the east of Mindanao lies the Philippine Deep 
(10,973m), one of the world’s deepest sea trenches. 


Mineral wealth 
Mineral ores are among the country’s main exports. 
The most important metal is copper: copper 


JUNDWORK 


production in 2005 totalled 16,300 tonnes. The main 
copper mines are in Cebu. 

Despite the country's plentiful mineral 
deposits, only about 10 per cent have so far been fully 
commercially developed. Together with copper, some 
of the other main minerals are gold (37,800 kg 
produced in 2003, mainly in Luzon and Mindanao), 
chromite (mined in Luzon, Mindanao and Palawan); 
nickel (mined mainly in Mindanao); and silver. There 
are also small deposits of cadmium, manganese, 
mercury and molybdenum ores. 

Among the most valuable rocks are limestone, 
which is found on Cebu, Luzon and Romblon; asphalt 
on Leyte; coal on Cebu and Palawan; and marble on 
Panay and Romblon. Rock salt (halite) is found on 
Luzon; gypsum and sulphur on Luzon and Mindanao. 
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Pyroclastics are extrusive igneous rocks 
formed from fragments of volcanic 
material which are erupted into the 
atmosphere. They are most commonly 
emitted from volcanoes with the 
stickiest (most viscous) lava. 


into two groups, depending on whether 

the volcanic material from which they are 
formed was originally emitted as liquid globules or 
as solid particles. 

Pumice and scoriae — the main rocks of the 

first type — display numerous surface cavities which 
are the remnants of gas- and liquid-filled bubbles. 
The most important rocks of the second type are tuffs 
and ignimbrites. 


P yroclastic rocks may broadly be divided 


Particle size separation 

During and immediately after a volcanic eruption, 
pyroclastic materials may become grouped according 
to the size of their component particles: large pieces 
coalesce together, while small fragments may be bound 
by heat with fragments of similar size. 

This process — which is known to geologists as 
particle size separation — may occur in two distinct 
phases. The first phase occurs while the volcanic 
material is still in the air and being carried by the 
wind. Small particles travel further than large pieces, 


A Bedded layers of pyroclastic rock in a volcanic crater 
(Death Valley, California, USA). The grey, upper areas are 
composed of ash. 


AA A huge cloud of pyroclastic ash, gas and pulverised 
rock issuing from Mount St Helens (Washington, USA) 
during an eruption in July 1980. 


Pyroclastics 


and thus the coarsest-grained extrusive igneous rocks 
usually form close to the volcano. By contrast, the 
smallest fragments of ash may return to Earth 
thousands of kilometres from their source. 


The second phase will take place only if the pyroclastic 
material lands in water, in which case there will be 
further separation as particles of different sizes sink at 
varying speeds through the liquid. This gives rise to 
graded bedding, and layered beds of tuff and ash are 
found in many parts of the world. 

Pyroclastic rocks that are known as ignimbrites 
are formed from incandescent clouds of gas, volcanic 
ash and molten rock fragments which are emitted 


A block of tuff from the Isle of Ischia (Italy). Tuff is a 
pyroclastic rock formed from consolidated volcanic ash. 


violently during the eruptions of certain types 
of volcano. 


Such clouds — which move close to the ground at 
speeds of up to 50kph — are known as nuées ardentes, 
from the French meaning ‘burning clouds’. The most 
devastating eruption of this type occurred in 1902, 
when Mount Pelée on the Caribbean island of 
Martinique overwhelmed the capital, Saint-Pierre, 
causing more than 30,000 deaths. 


In many cases, deposits from nuées ardentes are fused 
together at the edges, forming rocks called welded 
tuffs. While ordinary tuff may be unconsolidated, 
welded tuff is often banded and, where cooling has 
been too rapid to permit crystallisation, shards of 
glass may cause flow banding. Many of the rocks 
known as rhyolites are probably welded tuffs or 
ignimbrites rather than true lavas. 


When volcanoes erupt under ice or at the bottom of 
the ocean, the resultant rocks have a glassy texture 
because of the rapid break-up of chilled lava as it is 
thrown out into a much colder environment. Such 
rocks are not pyroclastics because they are not 
produced by explosive activity in the air. 


A Roman amphitheatre constructed from tuff. 
This tuff was formed about 2500 years ago from 
pyroclastic emissions (Italy). 


hen petrologists 

use the term 

fabric, they are 
referring to the overall 
texture and structure of a 
rock and the position of its 
component minerals in 
relation to each other. 
The word describes the 
appearance of all parts of 
the rock — from the tiniest 
grains to structures such as 
stratification, folding, 
cleavage and jointing. 

Thus, the fabric of a 

rock is anything which 
contributes to its general 
appearance. 


Orientation 
A classic example of 
fabric may be seen in 
rocks formed from lava 
containing mineral particles 
which have been made to 
face in the same direction 
by the lava flow. 

This effect — which is 


known as orientation — is 


DISCOVERY 


Fabric 


In petrology (the study of rocks), fabric is a term 
used to encompass all the features of a rock, especially 
its overall structure and texture. 


A Metamorphic marble 
with a sugary fabric. 


4 The pinkish feldspar 
crystals in this quartz 
porphyry show marked 
orientation. This has been 
caused by movement of 
the magma after the 
crystals had formed. 
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> Slate has a finer-grained 
fabric than schist. The lines 
of cleavage can be seen here 
along with small, brownish 
weathered crystals of pyrite. 


an important component of many igneous and 
metamorphic rocks. 


Vesicles 

Some rocks reveal extensive networks of 
hemispherical cavities: these are the remnants of 
gas- and liquid-filled bubbles. In scientific terms, 
these hollows — which are often almond-shaped and 
range from about 1mm to 30cm in diameter — are 
known as vesicles. 

After they have solidified from lava, some 
vesicles may become filled with a range of secondary 
minerals, such as calcite, quartz or members of the 
zeolite group; rocks with empty vesicles are said to 
be vesicular. 


Cleavage 

Some rocks display cleavage and have a layered 
(planar), sheet-like fabric. The most pronounced 
cleavage may be seen in slate, a metamorphic rock 
which splits easily because its flaky component 
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4 Schist shows a distinct 
foliated (planar) fabric 
with wavy structures 
running through the 
rock. Dark bands of 
mica alternate with pale 
quartz, and numerous 
reddish garnets can also 
be seen. 


minerals (e.g. micas) have been aligned in parallel 
during metamorphism. 


Bedding planes 

Many sedimentary rocks exhibit a feature called 
bedding and this is characterised by bedding planes — 
parallel surfaces within the rock. These planes 
represent periods of time when deposition of sediment 
stopped. There may be structures such as ripple marks 
and mud cracks on bedding planes, and fossils can also 
be found on them, showing how the shells of certain 
organisms accumulated on the sea bed. 


Jointing 

A joint is a fracture in a rock between the sides of 
which there has been no observable movement. A 
series of parallel joints is known as a joint set; two or 
more sets intersecting produce what is known as a 
joint system. Rocks displaying these characteristics 
may cover wide areas and are said to have a 

jointed fabric. 
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Biotite mica 


Biotite mica is a dark coloured 
silicate mineral occurring as 
flat, flaky crystals in a variety 
of igneous and metamorphic rocks. 


he mica group of minerals are 

common rock-forming silicates. 

The two commonest members 
of the group are muscovite and biotite. 
Muscovite is a pale, glittery mineral 
while biotite is usually dark in colour. All 
the mica group of minerals are aluminium 
silicates, containing a variety of metals 
ranging from iron to potassium, 
magnesium, lithium and sodium. 


Crystal system 
Biotite mica has crystals which are classified in the 
monoclinic system of symmetry. Their characteristic 
habit is as tabular crystals, often stacked together 


and frequently with a hexagonal outline. When they A This specimen of biotite mica from Austria shows its 

cleave, they break parallel to the tabular structure and splendent, glittery lustre and flaky cleavage. 

this perfect basal cleavage produces thin sheets which 

can be transparent. easily be marked with a fingernail. It has a density 
The streak of biotite mica is colourless. In of 2.7 to 3.4, just above average, but this is often 

common with all mica group minerals, biotite is very difficult to measure when the mineral specimen being 

soft (scoring only 2% on the Mohs Scale) and can investigated is a thin tabular flake. 
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BIOTITE MICA 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: K(Mg,Fe)3(Al,Fe)Si30;0(0H,F), 
Hardness: 27 

Density: 2.7-3.4 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Black, dark brown, green, reddish brown 


Streak: Colourless 


Lustre: Splendent or vitreous 
Fluorescence: None 


4 Biotite mica is very soft and this 
specimen has been much scratched. The 
uneven fracture can be seen (top left) 
where it has been roughly broken. 
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Biotite mica is a very 
common mineral that occurs 
in a wide variety of rocks, 
including gneisses, granites, 
pegmatites and schists. 

It is found in many places 
worldwide, including Italy, 
Japan, Norway, Russia, 
Sweden, and California and 
Colorado (USA). 


Widespread mineral 


4 The high grade metamorphic 
rock gneiss contains much 
biotite mica. In this example from 
northwest Scotland the dark 
bands are mainly biotite. 


Found in many rocks 
Biotite mica is found in a wide variety of igneous : seal ae 
rocks, especially those of acid and intermediate Biotite mica belongs to the silicate group of 
composition. Many granites have numerous small minerals. It is typically black or very dark brown in 
black flakes of biotite among their pale crystals of colour, although it may also be green or reddish- 
quartz and feldspar. brown and even, most unusually, white. 
The metamorphic rock schist, which One of the most characteristic features of all the 
is produced by medium grade regional micas is the glittery (splendent) lustre. After handling — o 
metamorphism, is characterised by the mica on its specimens of biotite, the fingers will be covered in 
foliation surfaces. When this is biotite mica, the minute glittery flakes of the mineral. 


rock is called biotite schist. 
Biotite is found in some sedimentary rocks, but 


this is a secondary occurrence as it results from the sandstones, typically those deposited under water. 
weathering of previously formed rocks containing Sandstones deposited in arid, wind influenced 
| biotite. Small glittery flakes of mica, including environments tend to lack mica, possibly because the 
| biotite, occur on the bedding planes of some small flakes of the mineral are easily blown away. 


> Pegmatite is 

a very coarse- 
grained granitic 
| rock. This 

| specimen 
contains pale 
orthoclase, grey 
quartz and black 
biotite mica. 


Carnotite is an ore of 
uranium and is radioactive. 
It also contains vanadium. 


arnotite is bright yellow or 
greenish yellow in colour. It is 
A named in honour of A. Carnot 
(died 1920), a French inspector of 
mines. In chemical terms, carnotite 
is a hydrated vanadate of 
potassium and uranium. 


Tyuyamunite 
Carnotite's closest relative 

is tyuyamunite, a mineral 
named after the locality in 
which it was originally 
discovered, Tyuya-Muyun in 
Fergana (Uzbekistan). Two differences 
between the two minerals are that 
tyuyamunite contains calcium rather than 
potassium and conforms to the orthorhombic 
system of symmetry, while carnotite conforms to 
the monoclinic system. Carnotite has a higher 
density (at 4.7—4.95) than tyuyamunite, which has a 


A The bright yellow 
colour of carnotite is 
a good identification 
feature. Here grains of the 
mineral are present on 
weathered rock. 


density of 3.3—3.6, and the latter mineral emits a Autunite 
yellowish green fluorescence when viewed under Carnotite also bears a strong resemblance to autunite 
ultraviolet light, whereas carnotite does not fluoresce. (a hydrated phosphate of copper and uranium), but 


autunite often occurs as 
crystals classified in the 
tetragonal sytsem of 
symmetry, while carnotite 
does not reveal the 
fluorescence displayed by 
autunite when it is exposed 
to ultraviolet light. 


Uranium and 
vanadium 

Pure carnotite contains 
about 53 per cent by 
volume of uranium and 


4 Carnotite forms in 
sedimentary rocks in arid 
regions. This specimen is on 
sandstone (Paradox Valley, 
Colorado, USA). 
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FACT FILE 
CARNOTITE 


Group: Vanadates 

Crystal system: Monoclinic 
Chemical formula: K,(U0;);(VO,);.3H;0 
Hardness: 2 

Density: 4.74.95 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Yellow or greenish yellow 
Streak: Yellow 

Lustre: Dull; crystals pearly 
Fluorescence: None 


A Carnotite commonly forms a fine, powdery coating on 
the surface of rocks and other minerals (Colorado, USA). 


> A specimen of uraninite, the main ore of uranium. 
Carnotite contains uranium and is therefore not a 
mineral to be kept by the amateur collector. 


12 per cent of vanadium. When extracted from 
mineral ores, uranium is used as a source of nuclear 
energy. Vanadium is an important component of 
alloys, especially those used to make high-speed 
drilling tools. Some specimens of carnotite also 
contain trace amounts of radium, which is used in 
the treatment of cancer. 


Tests and treatment 

Carnotite does not melt (is infusible) in an open 
flame and dissolves partially in acids. It is highly 
radioactive and specimens must therefore be stored 
securely under a cover of lead. 


Carnotite is a member of the vanadate group of 
minerals. Each molecule is composed of two atoms 
of potassium, two molecules of uranium dioxide 
(chemical formula UO.) and two vanadate radicals 
(VO,), together with three attached molecules of 
water of crystallisation. 

Crystals of carnotite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
may take the form of thin plates, but these are 
rare; the mineral usually occurs as powdery 
microcrystalline masses. 

The exact hardness of carnotite has never been 
accurately determined. However, it is known to be 
very soft and its Mohs Scale rating is generally 
agreed to be about 2. 
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scondary mineral formed principally - 
through the alteration of pre-existent (primary) 
uranium and vanadium minerals by groundwater. 
It occurs mainly in sedimentary rocks, such as 
sandstones, in deserts and similar arid regions. 
Some of the world's most extensive carnotite 
deposits are found in the following locations: 


Radium Hill, South Australia (Australia); El Borouj 
(Morocco); the Fergana Desert (Uzbekistan); and 


Kambove, Shaba (Democratic Republic of the Congo). 
In the USA, carnotite occurs in the desert of Paradox 
Valley (Colorado) and in some of the most arid parts 
of Arizona, New Mexico, Utah and Wyoming. 
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Pisolit 


Pisolite - otherwise known 

as pisolitic limestone - 

is a widely distributed 
sedimentary rock. 


isolite may be brownish, creamy white or 

pale yellow in colour. Its name is derived 

from the Greek words pisos, meaning ‘pea’, 
and /ithos, meaning ‘stone’. 

A sedimentary rock, pisolite is closely related 
and broadly similar in appearance to oolitic 
limestone. Both rocks are composed of small 
spherical particles which have grown in 
concentric layers around a nucleus in agitated 
seawater. The particles are composed mainly of 
calcite. 


Grain size 


However, despite many broad similarities, the crucial 
difference between the two rocks is their grain size. 


4 > Pisolite with distinctively rounded pea-sized 
particles of calcite and other calcium-rich material 
(Carlsbad, Germany). 


v Pisolitic limestone in Yorkshire (England). 
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FACT FILE 


PISOLITE 


Type: Sedimentary rock 
Essential component: Calcite 


Secondary components: Quartz, dolomite, siderite 


Colour: Brownish, creamy white or yellow 


Texture: Pisolitic 


Grain size: Coarse 
Density: 2.65-2.85 
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4 In addition to the 
tiny grains of calcite 
which are its essential 
component, this pisolite 
has distinct crystals of 
the same mineral 
growing on its surface. 


v A close-up view of 
the pea-sized grains 
(pisoliths) of which 
pisolite is composed. 
This specimen was 
found in Dorset 
(England). 


A Pisolite in which the calcite has grown in concentric 
rings around a central point. 


CHARACTERISTICS 


Pisolite is classified as a carbonate rock because it 
contains a large proportion of carbonate minerals. 
Its essential mineralogical component is calcite 
(calcium carbonate), and it may also contain tiny 
grains of quartz (silicon dioxide). Spherical particles 
are bound into a cohesive whole by a cement which 
is also made of calcite. The calcite may be derived 
from fossilised shell fragments. 

The spherical particles (pisoliths) of which pisolite 
consists are between 2 and 10mm in diameter. The 
rock is usually cream or pale buff coloured. 


Most deposits of pisolite (pisolitic limestone) 
Oolitic limestone is the finer-grained rock, with are formed in fairly shallow salt water (marine 
individual particles no greater than 2mm in diameter. environments), particularly in warm seas which are 
Pisolite, by contrast, is coarser-grained: its strongly agitated. These conditions - evidence of 

individual particles (pisoliths) are more than 2mm and which often remains in the form of current bedding 
may be as much as 10mm in diameter — this makes - are ideal for the precipitation of calcite, a naturally 
them about the same size as peas, and the rock's name occurring form of calcium carbonate and pisolite's 
comes partly from the Greek word for pea. essential mineralogical component. 

Pisolite is widely distributed in many parts of 
Effervescence the world, including the sabkha zones along the 
When pisolite is placed in dilute hydrochloric acid, the southern coast of the Mediterranean Sea and along 
abundant calcium carbonate it contains will dissolve the coasts of the Gulf of Arabia. 
with an effervescent fizz and give off carbon dioxide gas. 


lolite 


lolite is the gem variety 
of the mineral cordierite. 
It is also known as 
dichroite and water sapphire. 
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olite is a widely distributed gemstone 

that derives its name from the Greek 7o, 

meaning ‘a violet’. This is a reference to 
the striking colour of the 
finest specimens. 


A lolite from 


Iolite is the gem variety 
of cordierite. It is also 
known as water sapphire 
and dichroite, from the 
Greek meaning ‘two- 
coloured’. This latter 
name refers to the gem’s 
capacity to change colour, 
depending on the angle 
from which it is viewed 
and the direction of the 
light source. Iolite is 
usually violet, but 
may also appear pale 


greyish yellow. 


This effect — which is known scientifically as 
pleochroism — is often very strong and may be 
visible to the naked eye without the aid of special 


optical equipment. 


Madagascar showing 
a rainbow-like play of 
colours (iridescence) 
about the upper part 
of the crystal. 


4 This iolite gem is 
violet-blue when 
viewed from one 
direction but almost 
colourless when 
turned. 


Most iolite is found in pegmatite and other igneous 

and metamorphic rocks and in alluvial deposits. 
The finest specimens come from India, 

Madagascar, Myanmar (Burma) and sri Lanka, but 


iolite is also found in Bolivia, Brazil, Canada, Finland, 
Germany, Norway, Tanzania and at Guilford, 
Connecticut (USA). 


4 Crystals of iolite in 
a rock base (India). 


Semi-precious stone 


FACT LE 


IOLITE 


Group: Silicates 


Crystal system: Orthorhombic 


Chemical formula: (Mg,Fe),Al,Si;0;¢ 


Hardness: 7-7% 


Density: 2.53-2.78 


Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Violet 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 
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Viking's compass 

In addition to enhancing the 
beauty of the gemstone, it is 
thought that this optical effect 
may have been used by Norse 
sailors to ascertain the position of 
the sun on overcast days — as a result, 
iolite is sometimes known as ‘the 
Viking’s compass’. 


Tanzanite 
Tanzanite is the gemstone that most clearly 
resembles iolite. The two may be distinguished by 
their density. Iolite weighs only 2.5 to 2.8 times 
more than the equivalent amount of water at room 
temperature, whereas tanzanite weighs 3.4 to 3.6 
times more. 


A Cordierite, the violet form of which is called iolite. 


4 A ninth-century stone carving of a Viking longship 


It is thought that the Vikings may have used iolite as 


a navigational aid. 


CHARACTERISTICS 


lolite is the gem variety of cordierite, a member 
of the silicate group of minerals. Each molecule 


e 


contains two atoms of magnesium and two of iron, 


together with four atoms of aluminium, five atoms 
of silicon and 18 atoms of oxygen. 

Crystals of iolite conform to the orthorhombic 
system of symmetry in which the three 
crystallographic axes are unequal in length but are 
all at right angles to each other. The crystals are 
often short or prismatic and many share faces with 


a neighbour or neighbours - a phenomenon known 


as twinning. 
It is thought that the pleochroism which makes 


iolite of particular interest to gemmologists may be 
caused by the presence of iron and mica impurities 


inside the crystals. 


< A specimen of tanzanite, a 
gemstone that resembles iolite 
very closely. 


Water sapphire 

Iolite is almost never imitated 

or produced synthetically. 

This is partly because it is 

a fairly widespread material 
(and thus of limited value), and 
partly because its optical effects 
are practically impossible to reproduce. The lowest 
grade specimens of iolite have only a very pale 
purple coloration and are known in the gem trade 
as ‘water sapphires’. 
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On the mineral 
trail: Keny 


Kenya is an 
independent 


ENIM 
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republic on the 
coast of east Africa. 
It straddles the 
Equator and 
occupies an area of 
582,646 sq. km. It is 
bordered by Sudan 
and Ethiopia in the 
north, by Somalia 
and the Indian 
Ocean in the east, 
by Tanzania in the 
southwest and by 
Uganda in the west. 
Historically, the 
economy has been 
based on agriculture, | 
but there is now 
great interest in the 
potential of oil and 
natural gas. 


enya is flat around its 
northern and southern 
borders and along its 


coast. The outstanding features 
of the country’s interior are Lake 
Victoria and its basin, the Great 
and the Kano rift valleys and the 
Central Rift Highlands. 


A Hot-water springs on Lake Bogoria, a lake of soda ash in the Great Rift Valley. 


On the mineral ; 


A The flat land in the 
south of the country is 
used for crop cultivation. 
This tea plantation is 
near the capital, Nairobi. 


> The Lamu Basin is a 
mainly arid, desert 
region on the coast of 
the Indian Ocean. 
Beneath the sea are 
abundant offshore 
deposits of oil and 
natural gas. 


The lie of the land 


The basin of Lake Victoria extends eastwards from the 


lake itself as far as the Central Rift Highlands. Most of 


the basin is a fairly level plateau with an average height 
of 1070m. In the north of the country, the Kano Rift 
Valley merges along its western edge with a mountain 
range containing extinct volcanoes. One of these, 
Mount Elgon, reaches a height of 4321m. 

To the south, the Central Rift Highlands are 
virtually bisected by the Mau Escarpment and are 
bounded in the east by the Aberdare Mountains. 

The Great Rift Valley, which runs north to south 
through the country, is between 50km and 100km 
wide. Its floor is dominated by a series of shallow lakes 
— the largest of these is Lake Naivasha; others include 
lakes Magadi, Bogoria and Baringo. 

To the east of the Great Rift Valley, the Aberdare 
range rises to 3050m and extends from near the 
capital, Nairobi, to the Laikipia Plateau. Further 
north is the country's highest mountain, Mount 
Kenya (5199m). 


Mineral resources 
Kenya has limited mineral resources. Its main minerals 
are fluorspar, salt and soda ash. Soda ash is extracted 
on a large scale at Lake Magadi. This extensive deposit 
of pure sodium carbonate has been extensively worked 
since 1914 and is used in the glass, fertiliser and paper 
industries. It is also used in the manufacture of soap, 
in petroleum refining and as a water softener. Fluorite, 
which is used in metallurgy, is mined along the Kerio 
River in the north. Salt was Kenyas main mineral 
export in 2008 (more than 11,000 tonnes). 

Deposits of lead and silver ores have been found 
near Mombasa. There is also gold in Kenya, but the 
most important deposits lie beneath Lake Victoria. 


Other natural resources 

The coast of Kenya has rich deposits of limestone, 
which is used in the manufacture of cement. Oil and 
natural gas started to be exploited in the 1990s. The 
main supplies lie in the Mandera Basin in the 
northeast and offshore near the Lamu Basin. 
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Metamorphic aureoles 


A metamorphic aureole may be formed when the heat from a lava flow or 
magma intrusion alters the composition of the surrounding rocks with which it 
comes into direct contact. The resulting zones of alteration may spread out 
away from the heat source and these can be mapped by geologists to show the 
varying degrees of metamorphism in a country rock (host rock). 


etamorphic aureoles are areas of country 
M (host) rock that have been altered by heat 

emanating from igneous intrusions and 
lava flows. This type of change is known as contact 
or thermal metamorphism. 

The metamorphic aureole begins at the point 
where the country rock was first heated by the 
igneous rock — this may be a large mass of granite 
in a batholith, a small doleritic dyke or sill, or a 
basaltic lava flow. 


> Where the magma in this dyke has touched the 
surrounding sandstone country rocks, they have 
undergone contact metamorphism. This has produced 
a metamorphic aureole which can be seen in the 

pale areas. 


v Cordierite hornfels, which is one of the typical rock 
types found in metamorphic aureoles (Skiddaw, 
Cumbria, England). 
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4 This large crystal of 
apatite has formed in 
limestone, one of 

the rocks most easily 
altered by contact or 
thermal metamorphism 
in aureoles (Ontario, 
Canada). 


Metamorphic aureoles 


Y Here, Skiddaw granite 

is exposed in the bed and 
far bank of the River 
Caldew in Cumbria 
(England). Its 
metamorphic aureole 
contains Skiddaw slate, 
which can be seen bottom 
left in this picture. 


Diminishing effect 

The rocks in an aureole that have undergone the 
greatest alteration (metamorphism) are those closest 
to the igneous intrusion; the degree of metamorphism 
diminishes as the distance from the point of contact 
increases. Thus, the outer margins of an aureole may 
be difficult to define because metamorphic rock often 
grades imperceptibly into surrounding country rock 
which may not have been metamorphosed at all. 

The extent of an aureole depends on many factors. 
An intrusion of great size such as a batholith will 
generate much heat for a long time. Indeed, radiometric 
dating techniques show that large igneous bodies may 
take millions of years to crystallise fully. For much of 
this time, heat is penetrating the country rocks, with 
the result that the aureole around a large batholith may 
extend for several kilometres. 


Quicker cooling 

By contrast, small sills or dykes are composed of magma 
that may have started at higher temperatures but has 
cooled much more quickly. Metamorphic aureoles 
formed in such locations will probably be no bigger 
than a few centimetres or metres across. 

Some quartz-rich rocks and dolerite are little 
affected by contact metamorphism. Other rocks — 
especially clays, shales, mudstones and volcanic ash — 
are readily altered to hornfels, a process that involves 
recrystallisation and the formation of new metamorphic 
minerals such as andalusite and cordierite. 
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e Cyclic sedimentation 


Cyclic sedimentation is the term used to describe a repetitive 
sequence of sedimentary strata. This sequence involves two or more 
rock types in alternating layers. 


uone3ueuilipes IIA 


he phenomenon of cyclic A Alternating layers of limestone and shale at Kilve Pill, Somerset (England). 

sedimentation was first 

recognised in the 1830s, 
when deposits formed in England 
during the Carboniferous Period 
(about 300 million years ago) were 
found to be composed of repetitions 
of rocks in roughly the following 
sequence: coal-limestone-shale- 
siltstone-sandstone-coal. 


Sea and fresh water 
Cyclic sedimentation is sometimes 
caused by temporary inundations 
of seawater in a predominantly 
freshwater environment. An expanse 
of fresh water, such as a lake near a 
sea, may become saltier (brackish) 
as a result of marine incursions. 
Over a period, increasing salinity 
& may eventually cause the whole lake 
to become salty (saline). Later, a 
gradual reduction in the levels of salt 
— either through evaporation in the —— A One of the classic manifestations of cyclic sedimentation: layers of 
heat of the sun or through the arrival sandstones punctuated by layers of shale and coal (Crail, Fife, Scotland). 


> Greywacke and slate 
(Ingleton, Yorkshire, 
England). This 
sequence of cyclic 
sedimentation is the 
result of successive 
turbidity flows. 


Y > The repetitive, 
patterned nature of 
cyclic sedimentation is 
shown clearly in these 
alternating layers of 
greywacke and 
siltstone in Cumbria 
(England). 


v Greywacke and 
siltstone in a repeated 
pattern of cyclic 
sedimentation. 


of new supplies of fresh water from rivers or through 
capillary action — may cause the lake to return to its 
original freshwater state. 

At each stage of this process, different types of 
sedimentation cause different rocks to form. These 
formations — which are known as cyclic units — are 
characterised by repeated layers, as for example when 
greywacke and siltstone repeat in an orderly pattern. 
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Varves 

The layer of sediment deposited in one place in a 
single year is known as a varve — the word comes 
from the Swedish varv, meaning ‘layer’. Specifically, 
however, this term is almost always used to describe 
sediments deposited in glacial meltwater lakes. These 
consist of a coarse layer (summer deposition) and a 
finer layer deposited during the winter. 
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Vesuvianite 


Vesuvianite is a silicate mineral 
that occurs in a wide range 
of colours. 


esuvianite may be brown, green, yellow, 
white, red, purple, blue or black in colour. It 
was recognised as a distinct mineral in 1795 
and is named after the locality in which it was 
originally discovered, on the slopes of Mount 
Vesuvius near Naples (Italy). 


Alternative name 
Vesuvianite was sometimes alternatively known as 
idocrase, and for many years both names were in 
almost equally common use. This was potentially 
misleading and so the International Mineralogical 
Association ruled that, as idocrase had been named 
in 1796, a year after vesuvianite, the name 
vesuvianite should be given priority. 

Vesuvianite is a silicate of the metallic elements 
calcium, magnesium and aluminium. It is a relatively 
hard mineral, scoring 6—7 on the Mohs Scale of 
hardness, and cannot be marked by a steel knife 
blade. Vesuvianite can occur in various colour forms 
but the streak is consistently white. 


> A Prismatic, yellow crystals of vesuvianite with 
a glassy sheen (vitreous lustre) from Cogoleto, 
near Genoa (Italy). 


HIE PITE 
Vesuvianite is a member of the silicate group of 
minerals. Each molecule is made up of 10 atoms of 
calcium, two atoms of magnesium, four atoms of 
aluminium, nine atoms of silicon, 34 atoms of oxygen 
and four molecules of the hydroxyl radical (chemical 
formula OH). 

Crystals of vesuvianite conform to the 
tetragonal system of symmetry in which the three 
crystallographic axes are all at right angles to each 
other, but only two are equal in length. Most | 
specimens are prismatic. Vesuvianite commonly 
occurs in columns, tiny grains or massive aggregates. | 

There are several varieties of vesuvianite, and | 
these have their own names. One massive white | 
and green variety resembles jade and is known 
as californite or American jade. Another form, 
A Yellowish green crystals of vesuvianite from Mount cyprine, is coloured pale blue by the presence 
Vesuvius (Italy), the location from which it was originally of copper impurities. 
identified and from which it takes its name. 
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Widespread mineral 


ORIGINS and DISTRIBUTION 


- Vesuvianite forms mainly in rocks that have been 
altered by heat and pressure (metamorphic rocks), 
particularly in areas of impure limestones which 
have been altered by a process called contact 
metamorphism. It may also be found in rocks that 
originally formed through volcanic activity. 

Vesuvianite is found in the following locations: 
Australia; Ontario and Quebec (Canada); Czech 
Republic; Lake Ladoga (Finland); France; Mount 
Vesuvius and Ala Valley, Piedmont (Italy); Japan; Korea; 
Romania; Russia; Zermatt (Switzerland); Taiwan; and 
Maine and New Jersey (USA). 


VESUVIANITE 


Group: Silicates 


Crystal system: Tetragonal 

Chemical formula: Ca;oMg Al,Sig034(OH), 
Hardness: 6-7 

Density: 3.33-3.45 

Cleavage: Poor 


Fracture: Conchoidal to uneven 


Colour: Brown, green, yellow, white, red, purple, blue, black 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


A These black specimens of vesuvianite were mined 
at Ariccia, near Rome (Italy). 


Use in jewellery 
Some forms of vesuvianite are 
occasionally used ornamentally 
but it is not a commonly 
used gemstone. When fine 
specimens are used in jewellery, 
they are fashioned into a wide range of styles, 
notably the brilliant, che square, the step and 
the mixed cut. 

When the stones are faceted, the preferred 
cutting angle is 40? along both the crown and the 
pavilion surfaces. 


Tests and treatment 

Vesuvianite is virtually insoluble in acids. It 

fuses easily in a flame and green or brown blisters 
are formed. 

| The crystals should be cleaned carefully with 

| cotton buds dipped in distilled water: ordinary tap 
water should not be used because it contains 
impurities which may damage the delicate surfaces. 


> Brown crystals of vesuvianite on white calcite 
(calcium carbonate). 


Adamellite is an acid igneous 
rock which is sometimes 
alternatively known as 
quartz monzonite. 


damellite is a pale coloured igneous rock. 

Its name is derived from that of the 

Adamello igneous rock complex in 
the Italian Tyrol, one of the world's most 
extensive and geologically important 
occurrences of this type. 

Adamellite is a coarse-grained, 
intrusive igneous rock which is fairly 
widely distributed in many parts of 
the world. 

Usually, its component grains are more or 
less equal in size — in scientific terms, it is said to be 
equigranular. Some adamellite, however, may be made 
up of large, distinct crystals set in a finer-grained 
groundmass — such rocks are described as porphyritic. 

The crystals in porphyritic adamellite tend to 
be well-developed — these are said to be euhedral, 
from the Greek word meaning ‘good shape’. By 
contrast, the crystals in non-porphyritic adamellite, 
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ADAMELLITE 


Type: Intrusive igneous rock 


Essential components: Biotite, orthoclase, plagioclase and quartz 


Secondary component: Hornblende 


Colour: Pale, speckled 


Texture: Equigranular or porphyritic 


Grain size: Coarse 
Density: 2.6-2.8 


A This specimen of 
adamellite was found 
at Shap Fell Quarries, 
Cumbria (England). 


| 
| 


4 Adamellite in thin 
cross-section, showing 
areas of orthoclase, 
plagioclase, quartz and 
colourful mica. 
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A Quartz-rich adamellite. The light colour of this 
specimen is caused by the presence of large amounts 
of orthoclase and plagioclase feldspar. 


> Porphyritic adamellite from Shap Fell, Cumbria 
(England). 


CHARACTERISTICS 


v 
The essential minerals of adamellite are biotite mica, 


feldspars and quartz. Adamellite contains equal 
amounts of potassium-bearing orthoclase and 
calcium-bearing plagioclase. It is a coarse-grained 
igneous rock, all the grains being over 5mm in 
diameter, and although it is usually equigranular, 
it may have a porphyritic texture. 

Adamellite has more than 65 per cent by volume 
total silica. In addition, a further 20 per cent of each 
specimen is always composed of silica in the form of 
quartz (silicon dioxide). 


though still coarse-grained, 
are smaller and are less 
well formed. 


Speckled 

appearance 

Adamellite typically has 

a speckled appearance. 

The dark areas are 

composed mainly of biotite 

(a hydrous potassium aluminium 

silicate which is a member of the 

mica group). The light areas are the 
feldspar minerals orthoclase and plagioclase. 


> Adamellite wih clearly visible pink feldspars, black 
mica and glassy quartz. 


MINERALS PLUS | 


Adamellite is formed from crystallised magma. It 
occurs in batholiths and other large igneous 
intrusions (plutons). 

The rock is widespread in great mountain belts, 
particularly in the European Alps - indeed, part of 
adamellite's alternative name, quartz monzonite, is 
derived from Mount Monzoni in the Alpine Tyrol (Italy). 

Much adamellite remains hidden beneath the 
surface of the Earth. One of the best places in the 
British Isles to see it exposed is Shap Fell, Cumbria 
(England). 


Most of the grey crystals 
in adamellite are 
quartz. 


Relative of 
granite 
Although adamellite 
is closely related to 
granite, there are 
important differences 
between the two igneous 
rocks. In granitic rocks, both 
orthoclase and plagioclase 
feldspar are present. In most 
granites there is more orthoclase than 
plagioclase, but adamellite generally has 
equal amounts of these two feldspars. 


A it 
Augite is the most common 
member of the pyroxene 


group of silicate minerals - 
it is even found on the Moon. 


ugite is usually black but may also be brown 

or dark green. It has a distinctive vitreous 

(glassy) lustre and derives its name from the 
Greek auge, meaning ‘lustre’. 

Augite is a silicate of calcium, sodium, 
magnesium, iron and aluminium. It forms short, 
prismatic crystals in the monoclinic system and is 
thus defined as a clinopyroxene mineral. It was first 
confirmed as a distinct mineral in 1792. 


Rock former 
Augite belongs to the pyroxene group of silicate A A squat crystal of augite on volcanic rock from 
minerals. These are very important rock-forming Ariccia (Italy). 

minerals and are common 
in many igneous rocks, 
especially those of 

basic composition. The 
basic igneous rocks 
include basalt, dolerite 
and gabbro, and augite 
may be up to 50 per cent 
of the composition of 
such rocks. 


FACT FILE 
AUGITE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: (Ca,Na)(Mg,Fe,Ti)(SiAl);0; 
Hardness: 5/—6 
Density: 3.2-3.5 
Cleavage: Good 


Fracture: Conchoidal to uneven 


Colour: Black, brown, dark green 


Streak: Greyish green 


Lustre: Vitreous 


Fluorescence: None 


> Black crystals of augite 
from Pozza di Fassa, 
Trento (Italy). 
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The colour of augite — black, brown or dark green 
— gives these rocks their dark appearance. Augite also 
occurs in some metamorphic rocks, especially those 
of high regional grade, such as gneiss. 


^Augite is a widespread mineral. It occurs in igneous 
rocks that formed both on the surface of the Earth 
(extrusive igneous rocks) and deep underground 
(intrusive igneous rocks). Augite is also found in 
rocks that have been altered by heat and pressure 
(metamorphic rocks) and in basalts recovered from 
the Moon. 

Augite is very common and occurs worldwide. 


Identification 

The pyroxene group of silicates bears certain 
resemblances to the amphibole group, of which 
hornblende is a common example. Both groups tend 
to be dark coloured and show a vitreous lustre. 
However, pyroxenes such as augite have short stubby 
crystals while those of hornblende and other 
amphiboles form elongated prisms. Both minerals 
crystallise in the monoclinic system of symmetry. 


Another good way of identifying augite and . Augite is a member of the silicate group of 
telling it apart from hornblende is by its cleavage. . minerals. Every molecule contains one atom each 
Augite, in common with other monoclinic . of calcium, sodium, magnesium, iron and titanium, 


together with two atoms each of silicon and 
aluminium and six atoms of oxygen. 
Crystals of augite conform to the monoclinic 
| System of symmetry in which no crystallographic 
| axis in the same length as either of the other 
| two. The cystals often occur as short, squat prisms 
and many grow together in the phenomenon known 
as twinning. 
Augite is reasonably hard at 5% to 6 on the Mohs 
Scale of hardness, and its density is slightly higher 
than average at 3.2 to 3.5. 


4 Prismatic crystal of augite from Ariccia near 
Rome (Italy). 


pyroxenes, has two planes of cleavage which intersect 
at right angles. Hornblende, however, cleaves along 
two planes intersecting at 120? and 60°. The cleavage 
shapes produced by the two minerals are therefore 
very different. 


v Compact, prismatic crystals of augite 
from Pitigliano, Grosseto (Italy). 


Boléite 


Boléite is a rare 
mineral with fine indigo 
blue crystals. 


oléite is known for its deep, rich indigo 

blue colour. The mineral was first positively 

identified in 1891 and named after its classic 
location (type locality) at Boléo, near Santa 
Rosalia in Baja California (Mexico). 


Secondary mineral 

Boléite is a hydrated chloride 

of the metals copper, lead and 
silver. It forms in lead deposits 
that have been altered by ground 
water and leaching (the removal of 
material from near the surface by 
percolating waters). It therefore 
occurs with a number of other 
secondary lead minerals including 
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boléite in their chemistry, but diaboléite lacks silver 
and water of crystallisation, while pseudoboléite lacks 


and 48 molecules of the hydroxyl radical 
(chemical formula OH), together with 
three attached molecules of water of 
crystallisation. 

Crystals of boléite conform to the 
cubic system of symmetry. They form 
as cubes or in eight-sided shapes. 

Because of its lead content, boléite 
is heavy, weighing five times more than 
the equivalent volume of water at room 


the Mohs Scale. 


4 Clusters of dark blue 


gypsum. 


cumengite and plumbogummite. Boléite is a member of the halide group 
Two minerals that are very similar to boléite of minerals. Each molecule is composed 

may also be found in altered lead veins. These are of 26 atoms of lead, 10 atoms of silver, 

pseudoboléite and diaboléite. They are very similar to 24 atoms of copper, 62 atoms of chlorine 


temperature. It has a hardness of 3-3%0n 


boléite crystals on white 


| 
| 
| 
| 
| 
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Rare mineral. 


silver. (Boléite has both silver and water of 
crystallisation in its chemical formula.) 


Main features 

Because of its lead and silver content, boléite has a 
high density and is about five times heavier than an 
equal volume of water. Its hardness is similar to that 
of a coin, registering 3 to 34 on the Mohs Scale. Its 
main identification features are its striking indigo 
blue colour and its small cube-shaped crystals, which 
are often twinned, with two cubes sharing a 
common surface. 


Tests and treatment 

Boléite dissolves (is soluble) in nitric acid. It melts 
(fuses) easily in an open flame, giving off a crackling 
sound (decrepitation). If boléite is heated in a closed 
test tube, its water of crystallisation will be driven off 
and may be seen forming on the inside of the glass. 


< Blue plumbogummite and 
green pyromorphite, two of 

the minerals with which boléite 
is commonly associated. 


ORIGINS and 
DISTRIBUTION 


Boléite is a rare mineral, 
occurring only in small 
quantities. It forms as an 
alteration product on the 
surface of sulphide deposits, 
especially in zones of lead 
sulphide which have been 
weathered by percolating 
liquids, an effect known 

as leaching. 

Among the minerals with 
which boléite most commonly 
occurs are cumengite (a 
hydrous hydrate of lead and 
copper) and pseudoboléite. 

Boléite crystals have 
been found in the following 
locations worldwide: Broken 
Hill, New South Wales 
(Australia); Chile; the Ruhr 
(Germany); the Anarak region 
(Iran); Boléo, Baja California 
(Mexico); and the Mammoth 
Mine, Arizona (USA). 


4 This specimen of boléite was 
found in the mineral's type 
locality — Boléo, Baja California 
(Mexico). The white associated 
mineral is gypsum. 
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BOLEITE 


Group: Halides 


Crystal system: Cubic 

Chemical formula: Pb;;AgioCu;;Clg( OH),4.3H;0 
Hardness: 3-37 

Density: 5.0—5.1 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Deep indigo blue 


Streak: Blue with a greenish tinge 


Lustre: Vitreous 


Fluorescence: None 


Boléite may be cleaned with distilled water — 
ordinary tap water should not be used because it 
contains impurities which may damage the crystals. 
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On the mineral 
trail: Finland 


Finland is a mineral- 
rich republic in 
northeast Europe. 
Its total land area is 
338,145 sq. km, about 
one third of which 
lies inside the Arctic 
circle. 


The country is 


bordered in the north | = < a~- — aN PERE Hh. SiP 
by Norway, inthe — | ^. | ,- Ny ESR 
east by Russia, in the 

south by the Gulf of |. 
Finland and the Baltic | ~ 


Sea, in the west by | \ 3 


the Gulf of Bothnia | 0> RE 


by Sweden. 


ore than 75 per cent of Finland is covered 
by coniferous forests, mainly pine and 
spruce. Much of the rest of the country is a 


network of inland waterways — there are many rivers 
and marshlands as well as 55,000 lakes. 


The lie of the land 

The water and vegetation are comparatively recent 
deposits, dating from the end of the last Ice Age, about 
10,000 years ago. Beneath the surface, however, the 
structure of the land is composed of Pre-Cambrian 
granites and gneisses, some of the oldest rocks in the 
Earth’s crust. 


> Like much of southern Finland, the countryside 
between Espoo and Vantaa is low-lying arable pasture. 


4, 122 


In the south, Finland is low-lying, but becomes 
higher in the centre and the northeast. The few 
mountainous areas are found in the northwest; the 
highest point in the country is Mount Haltia (1328m). 

The coastline is about 4600km long. It is deeply 
indented and offshore are thousands of islands, most 
of which are in an archipelago around Turku. 


Mineral wealth 

Since the 1930s, Finland's most economically 
important minerals have been iron ores. The 
productivity of the country's oldest mine at Otanmäki 
has now been outstripped by that of new open-cast 
workings at Rovaniemi. Substantial submarine 
deposits of iron ore have also been found in the Gulf 
of Bothnia off the Aaland Islands. 

The other main minerals found in Finland are ores 
of copper (about 15,000 tonnes in 2005) and zinc 
(36,000 tonnes in 2001). The main source of both 
these metals is at Outokumpu. 


Other resources 

Finland also produces a wide range of other minerals. 
Among the most important of these are titanium and 
vanadium ores, which are mined with iron ore near 
Kajaani. The country also produces about 26,000 
tonnes of silver a year. Large amounts of granite and 
mica are quarried at Lappeenranta and Pargas. 
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A One third of Finland lies north of the Arctic Circle and 
lakes may freeze during the winter months. 


v Many of Finland's 55,000 lakes are separated by glacial 
deposits known as eskers. 


Kaolinisation is the scientific name for the series of chemical reactions through | 
which the feldspar silicate minerals in granite rocks are converted into clay. | 

This alteration is caused by heat in general and particularly by the action of hot 
water - in scientific terms, therefore, it is said to be a hydrothermal process. 


lay can be formed 
through the alteration 
of feldspars (silicates of 


aluminium, calcium, potassium 
and sodium). It is found 
mainly in altered igneous 

rocks made originally of 
solidified magma. 

In such deposits, clay has 
been created by the action of 
water at very high temperatures 
and by the carbon dioxide 
that water often contains 
— this process is known 
as kaolinisation. 
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Kaolinite 

Kaolinite is one of the 
principal components of most 
of the clay visible on the 
surface of the Earth. It is a 
hydrous aluminium silicate 
with the chemical formula 
Al,Six05(OH)4. Much of the 
silica (silicon dioxide) 
produced by kaolinisation 
takes the form of the 
mineral quartz. 


A Cornwall (England) is one of the world's 
richest sources of china clay. These quarry 
workings are near St Austell. 


4 The pinkish veins 

in this specimen of 

kaolinite are residual 

silicate minerals of the | 
feldspar group (Italy). | 
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A Pure kaolinite from Cornwall (England). This mineral is 
the end product of kaolinisation, the process by which 
the feldspar minerals in granite rocks are gradually 
altered into clay. 


Much clay contains at least some kaolinite, but also 
a range of other aluminium silicates such as dickite, 
illite, montmorillonite and nacrite. 


Hydrothermal alteration 

During the kaolinisation process, water at high 
temperatures breaks down and dissolves silicates 
and many other materials which are insoluble under 
normal temperatures and pressures. Clay is formed 
when hot water converts normally insoluble feldspars A This massive aggregate of kaolinite-rich clay was 
into a mixture of kaolinite and other clay minerals. mined in Cornwall (England). 

Although this process 
is basically the same as 
chemical weathering, 
hydrothermal alteration 
(kaolinisation) of the 
feldspar in granite masses 
is far more widespread 
and quicker. Large 
masses of granite are 
altered by kaolinisation 
at great depth. 


> Pale kaolinite with darker 
feldspar minerals, which 
are in the process of being 
altered into clay (Redruth, 
Cornwall, England). 
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r Laccoliths 


A laccolith is a dome- or lens-shaped mass of intrusive igneous rock which causes a 
bulge to appear in overlying layers. The name (coined by the US geologist Grove Carl 
Gibert) is derived from the Greek words /akkos, meaning ‘cistern’, and /ithos, 
meaning 'stone'. This is a reference to the way in which magma is forced up a feeder 
pipe and then retained in a bulging storage tank - the laccolith itself. 


p | Y he laccoliths that were first described by 
G. Karl Gilbert are in the Henry Mountains, 
Utah (USA). They are dome- or lens-shaped 
intrusions of igneous rock formed when magma is 
intruded along a plane of weakness in the surrounding 


country (host) rock. The upthrust of the intrusion 
causes the formation of a bulge in the overlying strata. 


Beneath the Earth's surface 
Many laccoliths are unseen because they are deep 
in the Earth’s crust. Sometimes, however, they may 
become exposed to the surface by weathering, which 
causes denudation of the overlying rock. The Eildon 
Hills in southern Scotland are part of a laccolith. 

€ Usually, the base of a laccolith intrusion remains 
flat and the reservoir of magma is fed from below by a 
dyke-like feeder pipe or pipes. The thickness of such 
laccoliths may vary between one third and one 
seventh of their overall diameter. Other laccoliths 
may resemble blisters on the upper surface of a sill ora ^ A Syenite, a typical igneous rock found in laccoliths. 
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A An exposed laccolith in the Eildon Hills (Scotland). The main intrusive rocks here are felsite and trachyte. 
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A Microsyenite, which is another typical product of 
laccolith intrusions (Eildon Hills, Scotland). 


> Trachyte, a fine-grained intermediate igneous rock 
commonly found in laccoliths. It is formed from magma 
which has been forced up through narrow feeder pipes 
from the deepest parts of the Earth's crust. 


local body of magma. A typical laccolith is small, 
seldom more than 16km in diameter. Thus it 
contrasts with a batholith, which is usually much 
larger and gradually broadens as it extends into the 
Earth's crust. 


Rock make-up 

Most laccoliths are made of thick and sticky 
(viscous), acidic or intermediate magma which forms 
rocks such as felsite, granodiorite, phonolite, syenite 
and trachyte. Highly viscous magma flows more 


4 Granodiorite, another 
igneous rock which forms 
in laccoliths through the 
slow cooling of magma 
(Scotland). 


slowly than basic magma and it is this property that 
makes it capable of pushing up the overlying strata 
into domes. Nevertheless, it is unlikely that great 
thicknesses of country rock can be moved in this 
way; laccoliths are localised, small-scale structures. 


Cedar-tree laccoliths 

Sometimes, several laccoliths occur together in 
stacks, one on top of the other. These are known as 
cedar-tree laccoliths because a diagram of their 
profile resembles the outline of these trees. 
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"GEMSTONES 


Aquamarin 


Aquamarine is the blue 


variety of the mineral beryl. 


Its colouring makes it a very 
popular gemstone. 


he aquamarine gemstone can range in 


colour from green-blue to blue. Like emerald, 


heliodor and morganite, aquamarine is a 
variety of the mineral beryl. It is a gemstone often 
imitated using other natural or synthetic materials. 

The most beautiful examples of aquamarine 
come from Brazil, and in particular from the vast, 
mineral-rich state of Minas Gerais to the north of 
Rio de Janeiro. 


Enhanced colour 
The aquamarine crystals used in jewellery are 
generally perfectly clear and transparent. The best 
blue colours are sometimes achieved artificially 
by heating the gems to about 400°C. 

No matter what 
shade of blue an 
aquamarine 
specimen displays, 
its colour is almost 


FACT FILE 
AQUAMARINE 


Group: Silicates 


always consistent 
throughout the 
gemstone. 

This is the result 
of iron impurities in 
the crystal which, 
although only present 
in small quantities, 
give the aquamarine a 
strikingly uniform 
colour. 


Another notable 


Crystal system: Trigonal 


Chemical formula: Be;Al,Si,0,5 


Hardness: 74-8 
Density: 2.6—2.9 
Cleavage: Indistinct 


Fracture: Conchoidal to uneven 


Colour: Blue, blue-green 
Streak: White 

Lustre: Vitreous 
Fluorescence: None 


4 Crystals of 
aquamarine 
from Pakistan, 
one of the 
world's leading 
producers of 
the gemstone. 


CHARACTERISTICS 


Aquamarine is a silicate of aluminium and beryllium. 
Although it is very hard, it is also rather fragile, and 
it splinters easily if subjected to pressure. It has a 
vitreous (glassy) lustre and indistinct cleavage. 
Crystals of aquamarine are classified in the 
trigonal system of symmetry and, in common with 
other types of beryl, they usually form as fine prisms 
with a hexagonal cross section. With a score of 7% 


quality of aquamarine is that it can appear either blue to 8 on the Mohs Scale of hardness, aquamarine is 


or greenish, depending on the angle from which it is 
viewed. The scientific term for this phenomenon is 
dichroism (see Discovery 59). 


Convincing imitations 

Because it is a gemstone, aquamarine is often 
imitated. The materials most commonly used in fake 
aquamarine are artificial glass and synthetic spinel. 
These imitations, however, do not exhibit dichroism. 


one of the hardest minerals. It cannot be marked 
with a steel knife blade or a specimen of quartz; 
indeed, only corundum and diamond have a higher 
hardness rating. The density of aquamarine is around 
average at 2.6 to 2.9; in this respect it is a typical 
silicate mineral. 

Aquamarine crystals can appear blue or greenish, 
depending on the angle from which they are viewed. 


“Semi-precious stone - 


Two crystals of aquamarine, 
from > Brazil and »» Ousso, 
Pakistan. 


Famous gems 
Aquamarine is found quite 
frequently as large gem-quality 
crystals, some measuring more 
than one metre in length. 

A remarkable crystal weighing 
around 61 kilograms was found 
in Brazil in the area near Belo 
Horizonte. Another fine 
specimen, housed in the 
American Museum of Natural 
History in New York, is 4,438 
carats and is cut in the shape of 
a faceted egg. 

The Smithsonian Institution 
in Washington DC, USA, boasts 
a splendid faceted aquamarine 
gemstone that measures 25cm 
by 10cm. 


Ancient history 
Aquamarine was known and used by the Greeks and 
Romans from as early as the third century BC. 

It was frequently used to make intaglios — 
brooches with sunken carvings — and the engravings 
on these were often linked to maritime themes, both 
because aquamarine’s colour is so reminiscent of the 
sea, and because the gemstone was superstitiously 
believed to afford protection on sea journeys. It was 


A Four magnificent cut aquamarines that came 
originally from Minas Gerais, Brazil. 


> Another fine 
example of a cut 
aquamarine 
from Brazil. 


also considered a lucky stone by lovers, for whom it 
symbolised happiness and hope. 

In addition, aquamarine was once prescribed by 
alchemists for healing toothache, epilepsy and diseases 
of the liver. 


The cut 

Aquamarine is a fairly fragile gemstone, which is easily 
chipped and splintered. The cut most commonly 
applied to the gem is the graded or stepped rectangle, 
although the oval cut is also suitable. 


ORIGINS and DISTRIBUTION &£. 


Like all varieties of beryl, aquamarine occurs 
typically in pegmatite rocks and also in secondary 
deposits. 

The most important aquamarine finds have been 
made in Brazil. Some of these are near Marambaya, 
in the state of Minas Gerais, others are in the states 
of Bahia, Espirito Santo, Rio Grande do Nord and 
Santa Maria de Itabira. 

Aquamarine crystals are also found in Afghanistan, 
the Mourne Mountains (Ireland), Madagascar, Nigeria, 
Pakistan and the Ural Mountains (Russia). In the USA, 
aquamarine has been found in Colorado. 


! GEMSTONES 


Jet is a black organic 
gemstone composed 
mainly of carbon. 

It has been used in 
jewellery since about 1400 sc. 


he word jet came into English in 
the 14th century from the 
Old French jaiet. This in turn 
was derived from the Greek gagates, 
meaning ‘of Gagas’ — a town in Lycia, 
Anatolia (present-day Turkey). 
Owing to its high carbon content, 
jet is classified by geologists as a type of coal. 
It originally formed millions of years ago from the 
wood of the Araucaria (monkey puzzle) tree that A A specimen of jet, an amorphous organic substance 
had fallen into water. This wood subsequently used in jewellery (Whitby, England). 
became compacted and 


altered by the heat 
and pressure caused by 
layers of sediment 
deposited on top of it. 


FACT FILE 
JET 


Group: Organic 
Crystal system: None 
Chemical formula: Variable, predominantly 
carbon (C) 
Hardness: 2/4 
Density: 1.33 
Cleavage: None 
Fracture: Conchoidal 
Colour: Black 
Streak: Brown 
Lustre: Resinou 
Fluorescence: None 


> A piece of rough, 
unworked jet with a ring, 
a cabochon and two 
faceted gemstones of 
the same material. 


» 


The cut 
The appearance of jet is greatly enhanced by polishing, 
and the stone is usually used to make beads, brooches, 
earrings and ornamental carvings. 

Jet was very popular as mourning jewellery in the 
19th century because of its black colour. It was made 
fashionable by Queen Victoria, who wore jet jewellery 


when in mourning after the death of her husband, 
Prince Albert. 


Tests and treatment 

If jet is burned or touched with a hot needle, it will 

give off the unmistakable smell of burnt coal. However, 

jet can be distinguished from coal by its 

streak, which is brown, whereas that 

of coal is black. Like amber, jet 
generates static electricity when 
rubbed or heated. 

Specimens of jet should be 
cleaned only with soap and distilled 
water. Because it is 

a very soft substance, 
/ polished specimens 
| should be handled 


with care. 


Organic gemstone 


<A crucifix of jet. 


v Brooches and earrings carved 
from jet found on the coast at 
Whitby (England). 


CHARACTERISTICS 


Jet is a geological material of organic origin. 9 
Its exact chemical components may vary from 
specimen to specimen, but it contains a very high 
concentration of carbon. It is generally regarded as 
a variety of coal, especially of lignite. 

Jet does not form as crystals and is thus said to 
be an amorphous material. When specimens are 
examined under a microscope, they often reveal a 
fibrous, tissue-like structure similar to that of 
wood. Some jet contains the fossils of plants. 

The natural lustre of jet can often be greatly 
improved by polishing. However, as jet is very soft 
and can be easily marked with a coin, care should 
be exercised when polishing ornamental examples. 
It has a very low density of 1.33 and feels noticeably 
light when handled. 
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Jet is formed from wood of the Araucaria (monkey 
puzzle) tree which has fallen into water and 
become compacted into a form of lignite. It is 
found in rocks of marine origin. 

The world's most famous jet comes from Whitby. 
This town in North Yorkshire (England) was world 
famous for jet throughout the 19th century, and the 
local economy was boosted by the extraction and 
fashioning of this material. 

The following locations are among the other 
main sources of jet: Aude (France); Asturias (Spain); 
and Utah (USA). It is also found in Turkey and there 
are significant deposits in China, Germany, India, 
Poland and Russia. 


4 A medallion of jet. 


j Andr 


Andradite is a member 
of the garnet group of 
minerals. The green 
variety, demantoid, is used as 

a gemstone. 


| hile the gem variety of andradite 
| is green, less valuable specimens 
| may be black, reddish brown, 


| yellowish green or yellow. It was confirmed 
| as a distinct mineral in 1868 and named 
in honour of Brazilian mineralogist 
J.B. d'Andrada (1763-1838). 

As is typical with all members of the 
garnet group, andradite is a hard mineral, 
rating 6/to 7 on the Mohs Scale. This 
hardness is a valuable property for a 

© gemstone, as it enables the mineral to resist 
wear and tear. Its density of 3.7 to 4.1 is 
above average and results from the iron in 
its chemical structure. Andradite is classified 
in the cubic crystal system and it usually 
forms as dodecahedral crystals, which 
have 12 faces. 


| 
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Andradite varieties 
All andradite contains calcium, iron, silicon A Dark red and black crystals of andradite in rock from Oravita 
and oxygen. The most valuable variety is (Romania). Specimens with this coloration are classified as 
called demantoid, which has a green colour ^ melanite. The associated white mineral is calcite. 


_ CHARACTERISTICS 


epe 


Like all garnets, andradite is a 
member of the silicate group of 
minerals. Its basic chemical 
components are calcium, iron, 
silicon and oxygen. 

Andradite conforms to the cubic 
system of symmetry, often forming 
dodecahedral (12-sided) crystals, but 
granular specimens are also common. 
It is a hard mineral, scoring 67 to 7 
on the Mohs Scale. Its density is 
slightly above average - it weighs 
approximately four times more than 
the equivalent volume of water at 
A Yellowish crystals of andradite from Ala Valley, Piedmont (Italy). room temperature. 

Andradite of this colour is called topazolite. 


" 


Widespread mineral 


are called demantoid. 


due to the presence of chromium. This gem-quality 
variety disperses light in a similar way to diamond and 
sometimes has inclusions, which are tiny, fibrous 
strands of asbestos. 

Other varieties of andradite are topazolite, which is 
yellow, and melanite, which is generally black but may 
sometimes be dark red. 


The cut 

Because andradite is a hard mineral it is eminently 
suitable for use as a gemstone. Gem-quality specimens 
of andradite may be cut into a wide range of styles, 
notably the brilliant and the smooth, domed 
cabochon, When the stone is faceted, the preferred 
cutting angle is 40? along both the crown and pavilion 
surfaces. If necessary, crystals of andradite may be 
cleaned with dilute acid. 


A Crystals of melanite 
from Val Camonica, near 
Brescia (Italy). Melanite is 
a variety of andradite 
which owes its black 
coloration to the presence 
of titanium impurities 
within its molecular 
structure. 


> These crystals of 
andradite were found in 
Val Malenco, near Sondrio 
(Italy). Their greenish 
colour is caused by 
minute traces of 
chromium, a metallic 
element which 
sometimes occurs in 
andradite in the form 

of an impurity. Green 
crystals of andradite 


ORIGINS and DISTRIBUTION 


~The demantoid and topazolite varieties of andradite 

are found in rocks that have been altered by heat 
and pressure (metamorphic rocks) and as placer 
deposits in gold-bearing sands. The melanite form 
of andradite is found in rocks that were originally 
created through igneous activity deep beneath the 
surface of the Earth (igneous rocks). Demantoid and 
melanite may also be found in ultrabasic 


serpentinites. 


Andradite is found in the following locations: 
Australia; Czech Republic; Greenland; Ala Valley, 
Piedmont (Italy); Norway; Romania; Ural Mountains 
(Russia); Sweden; Switzerland; and Uganda. In the 
USA andradite is found in California and New Jersey. 
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ANDRADITE 


Group: Silicates 


Crystal system: Cubic 


Chemical formula: Ca;Fe;Si;0;; 


Hardness: 6/—7 


Density: 3.74.1 


Cleavage: None 


Fracture: Conchoidal 


Colour: Green, black, reddish brown, yellowish green, yellow 


Streak: White 


Lustre: Vitreous to subadamantine 


Fluorescence: None 


Kammererite 


Kammererite is a rare and beautiful 
purple-red variety of clinochlore 
containing chromium. 


ammererite is purplish red in colour. It was 
K first observed in 1840 in the area around Lake 

Itkul between Perm and Sverdlovsk (Russia), 
and was identified as a distinct mineral in the 
following year by N. Nordenskiold. It was named 
after A. Kämmerer, a mineralogical chemist of St 
Petersburg. However, it is now believed to be a 
chromium-bearing variety of the mineral clinochlore. 


Clinochlore 
Clinochlore is a member of the chlorite group of 
minerals. Chlorites are silicates which occur in a 
number of different rocks, especially those formed 
by metamorphism, where rocks are changed by heat 
and/or pressure. Clinochlore is a hydrous silicate of 
iron, magnesium and aluminium and the purplish- 
red variety, kàmmererite, also contains 
chromium. It is this metal that gives it its 
distinctive colouring. 

Chromium is thought to be incorporated 
into the chemical structure of clinochlore by 


> An aggregate of kammererite 
crystals. 


v An isolated crystal of 
kámmererite from Kop 
Krom (Turkey). 


KAMMERERITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: (Mg,Fe),(Al,Cr).Siz01o(O0H). 
Hardness: 2-27 

Density: 2.64 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Purplish red 


Streak: Colourless 
Lustre: Vitreous 


Fluorescence: None 
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the metasomatic alteration of chromite. This occurs 
when hot fluids seep into chromite-bearing rocks. 
Clinochlore itself is usually a greenish mineral, though 
it can also be white, colourless or yellow. It produces a 
greenish-white powder (streak) when rubbed against 
unglazed porcelain. 

Crystals of clinochlore are classified in the 
monoclinic crystal system and usually have a flat, 
tabular habit. In cross section, crystals are six-sided 
(hexagonal). Clinochlore can also be granular, and 
may occur as small scales or irregular shaped 
specimens (massive habit). It is a soft mineral, 
registering only 2 to 24 on the Mohs Scale of hardness 
and its density is slightly higher than average at 2.63 
to 2.98. When broken, a perfect cleavage occurs and 
the fracture is uneven. 

The chlorite group of minerals to which both 
clinochlore and kimmererite belong derives its name 
from the fact that most members are characteristically 
green (khloros is the Greek word for ‘greer’). 

Kammererite, however, is an exception to the 
general rule; its chromium content dictates that it 
is always red. 


ORIGINS and DISTRIBUTION &*... 
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accessory mineral in rocks that formed through 
igneous activity deep beneath the surface of the 
Earth (igneous rocks) and in rocks that have been 
altered by heat and pressure (metamorphic rocks). 
It is found in chromite deposits, peridotites and 
serpentine rocks. 

Kámmererite is very rare. The following locations 
are among the world's main occurrences, but even 
in these places it is never found in large quantities: 
Stiria (Austria); Aosta, Sondrio and Turin (Italy); Bisert 
(Russia); Askale, Gumusane, Erzincan, Erzurum, Kop 
Daglari and Kop Krom Mine (Turkey); and Lancaster 
County, Pennsylvania (USA). 


Kammererite is a variety of chlinoclore, which is 
a member of the chlorite group of minerals - a 
subgroup of silicate minerals. It contains the 
metallic elements magnesium, iron, aluminium 
and chromium, together with silicon, oxygen 
and hydrogen. 

Crystals of this mineral conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any other. 
The crystals usually occur as tabular (flattened) 
crystals with a hexagonal cross section. 

Clinochlore is a very soft mineral, scoring only 
2-24 on the Mohs Scale of hardness: it can be 
scratched with difficulty by a fingernail. It weighs 
just over two and a half times more than the 
equivalent volume of water at room temperature. 


4 Y Specimens of kámmererite 
from Turkey. 


Thulite 


Thulite is a pink variety of zoisite 
that is non-crystalline and 
; may be polished to 
make small ornaments. 


hulite is pink in 

colour. It was first 

identified in 
Telemark (Norway) in the 
early 19th century and 
named after Ultima Thule, 
a region believed by ancient 
Roman geographers to be 
the northernmost land in 
the world. 


Manganese traces 

Thulite is the name given 

to specimens of zoisite 

which contain traces of 

manganese. This metallic 

element occurs as an 

impurity within the chemical structure of thulite and A Thulite from the Valli di Lanzo, Turin (Italy). 
does not form part of its chemical formula. Manganese 

gives thulite a pinkish colour. v Thulite from Leksvik, Trondelag (Norway). 


CHARACTERISTICS 


Thulite is a member of the silicate 
group of minerals. Each molecule 
is composed of the metallic 
elements calcium and aluminium, 
together with the non-metals 
silicon, oxygen and hydrogen. 
Thulite also contains traces of 
manganese, a metal which does 
not appear in the chemical 
formula because it occurs only 
in the form of an impurity. 
Thulite is classified in the 
orthorhombic crystal system, but 
specimens of this mineral almost 
invariably have a massive habit, 
with no crystal form. It is a 
relatively hard mineral at 6% to 7 
on the Mohs Scale, and its density 
Of 3.55 is slightly above average. 
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The cut 

Some thulite is cut into smooth, domed cabochons 

and used to make earrings, brooches and pendants. -Thulite may occur in rocks that originally formed 
Large pieces of thulite may be used for ornamental through igneous activity deep beneath the surface 
slabs, and the natural pink colour may be enhanced of the Earth (igneous rocks) and in altered 

by heating. sedimentary dolomites and limestones which 


have been changed by heat and pressure into 
Similar minerals metamorphic rocks. 


The minerals that most closely resemble thulite are Thulite is found in the following locations: 
rhodochrosite and rhodonite. The beautiful rose- Western Australia; Tyrol (Austria); Greenland; 
coloured rhodochrosite (sometimes called ‘Inca rose’) Alto Adige and Turin (Italy); Telemark (Norway); 
and the similarly rose-red rhodonite both contain Switzerland; and Nevada, New Mexico, North 
manganese as an integral part of their chemical Carolina, Tennessee and Washington (USA). 
make-up, rather than as an impurity. 


FACT FILE 
THULITE 


Group: Silicates 
Crystal system: Orthorhombic 
Chemical formula: Ca;Al;(Si0;)4(0H) 
Hardness: 64-7 
Density: 3.55 
Cleavage: Perfect 
Fracture: Uneven to conchoidal 
Colour: Pink 
Streak: Colourless 
Lustre: Vitreous 
A Y Massive specimens of pink thulite from Leksvik, Trondelag (Norway). Fluorescence: Orange 
The visible whitish intergrowths are quartz. 
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On the mineral trail: 
North Korea 


The Democratic People’s Republic of GEOGRAPHICAL AREAS OF 
North Korea occupies the northern half NORTH KOREA 


of the Korean peninsula in east Asia. It 
is bordered by China in the northwest, Major mineral deposits | 
by Russia in the a 2 o 


Ky 


north, by the sea E. ns | Mi Q 
of Japan in the | | Jiu 
? 
$ 
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east, by South “A Mt Paektu 
Korea in the 

southeast, by the 

Yellow Sea in the south and Korea Bay 

in the west. North Korea has 

a total land area of 122,762 sq. km. 


orth Korea is rich in natural resources, 
| \ | particularly coal, iron ore and magnesite. 
There are also substantial deposits of gold, 
plus lead, tungsten and zinc ores. 


The lie of the land 

About 80 per cent of North Korea is dominated by 
mountains and uplands. The largest area of this " 
type - the Kaema Highlands in the northeast — ^ E : SOUTH KOREA 
occupies an area of 10,360 sq. km and reaches a ZEE à 
mean height of 1000m above sea level. The Kaema 
Highlands also contain the country's highest peak, 


Yellow Sea 


» Mount Kumgang 
(1638m), which lies in the 
southeast of the country 
near the border with 
South Korea. 


North Korea - 


i 
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Mount Paektu (2744m), an extinct volcano with a 
large crater lake near its summit. 

The Nangnim Mountains run from north to 
south through the centre of the country, while the 
Hamgyong Mountains extend along the northeastern 
coast. North Koreas two principal rivers — the Yalu 
and the Tumen — are of great economic importance 
as sources of hydroelectric power and irrigation. 

More than 60 per cent of the country's soils are 
derived from the weathering of granites or crystalline 
schists. The main exception is the province of North 
Hwanghae, which has weathered limestone soil. 


Iron ore and coal 
High grade iron ore is 
mined in North and 
South Hwanghae, around 
P'yongyang and in North 
and South Hamgyong. 

In 2003, production was 


» The Taedong River 
flowing through the 
North Korean capital, 
P'yongyang. 


v Part of the Nangnim 
Mountain range, which 
forms the backbone of 
North Korea. 


4.3 million tonnes a year. There are rich seams of 
anthracite coal along the banks of the Taedong 
River, especially in the countryside around Anju. 
Total coal production in 2005 was about 24 
million tonnes. 


Magnesite and gold 

North Korea’s magnesite deposits are the largest 

in the world. The most productive mines are 
around Tanch'on in South Hamgyong. Small but 
economically significant deposits of native gold are 
found around Wonsan. 
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Metasomatism 


Metasomatism is a process that occurs in the Earth's crust, often in 
association with metamorphism. Whereas metamorphism changes rocks and 
minerals by heat and/or pressure, metasomatism changes rocks and 
minerals through the action of hot fluids. 


etasomatic fluids probably originate at some 
| \ / | depth in the Earth's crust. They may be 

associated with magma (molten igneous 
rock) or come from other sources such as high 
temperature brines trapped at great depth by the 
burial of sediment. These fluids bring new elements 
into the rock and so alter its composition. (In 
metamorphism there is often little change in the total 
chemistry of a rock even though mineral and physical 
changes do occur.) 


Ocean crust changes 

Where new ocean crust is being formed at the mid- 
ocean ridges, widespread metasomatism occurs. Here 
there are deep fractures in the basaltic rock forming 
the crust and seawater flows down these fractures to a 
depth of a few kilometres, where the seawater is heated 
as it comes into contact with magma. This chemically 
active water replaces calcium in the basaltic rocks with 
sodium through metasomatism. In some deep parts of 
the sea bed olivine and pyroxene minerals are altered 


by metasomatism to become serpentine minerals. A An example of epidote, a product of metasomatism 
found in igneous and metamorphic rocks which have 
Granite been invaded by calcium-rich silicate fluids. 


Granite is formed from a magma that is rich in fluids 
mainly based on water. These fluids are chemically 
very active and capable of altering rocks into which 
they flow through joints and other fissures. 


v Another specimen of epidote (a hydrous silicate of 
calcium, aluminium and iron), which is a typical product 
of metasomatism. 
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Metasomatism 


Hydrothermal metasomatism of the feldspar 
in granite is responsible for the formation of china 
clay, the raw material in the production of porcelain. 
The metasomatic fluids add water and carbon dioxide 
to the feldspars. The elements potassium, sodium 
and calcium are removed in solution as carbonates. 
Kaolinite (hydrous aluminium silicate) is thus formed 
and the granite becomes an incoherent mass of this 
clay mineral and quartz sand. 

Granites often contain minerals such as tourmaline. 
This mineral occurs when boron has been brought 
into the rock by hot fluids. Other economically 
important minerals formed by metasomatism are 
certain iron ores and sulphide ores of various metals. 
Often these minerals occur in zones around a heat 
source. Ores of tungsten, tin and molybdenum 
occur in high temperature zones, and ores of iron 
and cinnabar are found in an outer, lower temperature 
zone. In these situations new elements are brought 
into the host rock by metasomatic fluids and these 
may replace original elements in the rocks. 


Limestone 

Limestone is rock which has numerous joints and wide 
bedding structures. It is ideal for the penetration of 
metasomatic fluids during periods of metamorphism. 
New elements are brought into limestone by these 
fluids and a rock called skarn is created, containing 
calcium-rich garnets and pyroxenes. 


Migmatite 

One of the best known and most widely distributed 
products of metasomatism is migmatite. Migmatite is 
a mixed rock which contains both acid (granitic) and 
basic (basaltic) elements. They are thought to form 
just before crustal rocks melt, where temperature and 
pressure are very high and where metasomatic fluids 
are active in bringing new elements into the rocks. 


A Granite is a rock formed from magma rich in 
water-based fluids. This specimen came from 
Cornwall (England). 


A Siderite and malachite, 
which formed in 
association after pre- 
existent calcium-rich 
(calcareous) rocks were 
altered by metasomatism. 


< Migmatite, which 
usually forms through 
metasomatic processes 
(Sutherland, Scotland). 
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= Zircon is a hard mineral that is 

Tg the main source of zirconium, 

WY which is valuable to the nuclear 
industry. The best zircon 


gemstones are colourless and have 
been used to imitate diamonds. 


ircon is most famous for the colourless 

gemstone variety that is used in jewellery, but it 

is also very important as the main source of the 
metallic element zirconium. Zircon can be brown, 
green, red, yellow, grey or colourless. 


Uses of zircon 
Zircon is the chemical compound zirconium silicate. 
Because it is highly resistant to heat, it may be used as 
a refractory — that is, a lining material for furnaces and 
kilns. Zircon is the main source of zirconium and an 
important source of the element hafnium and of 
zirconia (zirconium oxide). 

Zirconium is a greyish white metallic element that 
melts at 1852°C. It was first identified as a separate 
element by the German chemist Martin 
Klaproth in 1789 and first isolated by Jóns 
Jakob Berzelius in 1824. It is extracted 
from zircon by first passing chlorine gas 
over it and then purifying the resulting 
zirconium chloride through the Kroll 
Process. Zirconium is used in nuclear 
reactors and in some metallic alloys. 


ZIRCON 


Group: Silicates 


Crystal system: Tetragonal 
Chemical formula: ZrSiO, 


Hardness: 77 
Density: 4.6—4.7 
Cleavage: Indistinct 


Fracture: Uneven 


Colour: Brown, green, red, yellow, grey, colourless 
Streak: Colourless 
Lustre: Vitreous to adamantine 


Fluorescence: None 


A Twinned bipyramidal crystals of zircon (South 
Carolina, USA). 


v Brownish red prismatic zircon crystals from Seiland 
Island, Altafjord, Norway. 
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Hafnium 

Hafnium was first identified by the French chemist 
Georges Urbain in 1911 and finally established as an 
element in 1923 by scientists at the University of 
Copenhagen. It gets its name from Hafnia, the Latin 
word for Copenhagen. It is a bright metallic element 
that is used as a neutron absorber as well as in 
tungsten filaments. 


Gemstone 

The best-known zircons are the colourless gemstones 
that are used in jewellery. Although they resemble 
diamonds superficially, unlike diamonds they have 
double refraction and show wear and tear on the edges 
of their facets. Most importantly, zircons are softer 
than diamonds — zircons score only 74 on the Mohs 
Scale of hardness, whereas diamond tops the scale at 
10, and is the hardest naturally-occurring substance. 


Y Various cut zircons. The blue colour (left) has been 
obtained by heat treatment. 


Colour variations 

Zircon is colourless when pure, but various impurities 
within its structure can cause blue, brown, green, 
orange, red and yellow varieties. 

Brown zircon is usually heat-treated to make it 
colourless or blue for use in jewellery. In time, some 
blue zircons will revert to brown, but if they are 
reheated they will recover their blue coloration. 

Blue zircon will turn golden yellow if it is heated in 
oxygen, and it is from this coloured variety that zircon 
derives its name, which comes into English from 
German, but originated in the Persian word zarguz, 
meaning ‘golden’. 

Some zircon contains small amounts of thorium 
and uranium impurities. Because these elements are 


CHARACTERISTICS 


Zircon is a member of the silicate group of minerals. 
It is a silicate of the element zirconium. 

Zircon crystals are prismatic, with pyramidal 
terminations, and are classified in the tetragonal 
system of symmetry. The mineral can also occur as 
radiating aggregates of fibrous crystals. 

Zircon with a crystal lattice that is little damaged 
by radiation has a glassy or a diamond-like sheen 
(vitreous or adamantine lustre), but metamict zircon 
(see main text) has distinctive curved faces and edges. 

Zircon is often radioactive, because it can contain 
uranium and thorium. It is a hard mineral, registering 
7% on the Mohs Scale of hardness. Normal zircon has 
a density of 4.6-4.7, while the density of metamict 
zircon is only 3.6-4.0. 


ORIGINS and DISTRIBUTION & 4:5 
Zircon is found as an accessory mineral in igneous | 
rocks (especially syenite), in metamorphic rocks like 
gneisses and schists, and as a detrital mineral in 
some sedimentary rocks, where it occurs as a 
result of the weathering and erosion of primary, 
zircon-bearing rocks. 

Zircon comes from southeast Asia, particularly 
from Burma, Cambodia, Korea, Thailand and Vietnam. 
Metamict zircon is found in Sri Lanka, and red zircon 
comes principally from Expailly-St-Marcel, France and 
St Peter's Dome, EI Paso County, Colorado, USA. 
Zircon is also quite widespread elsewhere, especially 
in Australia, Norway and Russia, and it occurs on the 
Moon and in meteorites. 


radioactive, they will eventually break down the 
crystal structure of the zircon. Zircon stones that have 
decayed in this way are known as ‘low zircon’; little- 


damaged material is called ‘high zircon’. 


Metamict structure 

Low zircon has what is known as a metamict 
structure. This is defined by scientists as the state of 
any substance that has a damaged atomic lattice as the 
result of the radioactivity of thorium or uranium. 


WARNING 


GEMSTONES 


1 Zoisite 


Zoisite is a member of the epidote 
group of minerals. The gem variety 
is known as tanzanite. 


oisite may be white, green, grey, pink, 
brownish, colourless or purple. It is named 
after Baron Sigmund Zois von Edelstein 
(1747-1819), an Austrian nobleman and mineralogist. 
Epidotes are silicate rock-forming minerals 
composed of metallic elements together with silicon 


and oxygen. 


Varieties 

Pure zoisite contains the metallic elements calcium and 
aluminium. Some varieties, however, may also contain 
impurities: pink or reddish specimens with a high 
concentration of manganese are known as thulite; the 
tanzanite form of zoisite is violet-blue, owing to the 
presence of vanadium. 


Zoisite is a member of the silicate group of minerals. 
Each molecule contains the metallic elements 
calcium and aluminium, together with the non- 
metals silicon and oxygen. There is also one atom of 
hydrogen, which is present in the hydroxyl radical 
(chemical formula OH). 

Crystals of zoisite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length but 
are all at right angles to each other. The crystals are 
prismatic in appearance. Non-crystalline specimens 
are common. 

Zoisite is a relatively hard mineral, registering 64-7 
on the Mohs Scale of hardness. Its density is slightly 
higher than average at 3.55. 


Although clinozoisite has exactly the same 
chemical make-up as zoisite itself, these two minerals 
have different crystal symmetry: clinozoisite is 
classified in the monoclinic system, while zoisite 
conforms to the orthorhombic system of symmetry. 


4 These purplish specimens of tanzanite contain the 
element vanadium. 


Semi-precious stone 


ORIGINS and DISTRIBUTION ¢ 


Zoisite forms in a wide range of rocks, especially 
limestones that have been altered by heat and 
pressure (metamorphosed). It also occurs in igneous 
rocks such as pegmatites, altered granites and 
gneisses. 

Zoisite was originally located at Saualpe in 
Carinthia (Austria), and this is the type locality, that 
is, the place where a mineral or rock was first 
discovered and from which it may take its name. 
Zoisite is also found in the following countries: 
Germany, Greenland, Italy, Japan, Mexico, Norway, 
Russia, Scotland, Switzerland, Tanzania and the USA. 


ZOISITE 


Group: Silicates 


Crystal system: Orthorhombic 
Chemical formula: Ca,Al,(Si0,)3(0H) 
Hardness: 6/—7 

Density: 3.55 

Cleavage: Perfect 


Fracture: Conchoidal to uneven 


Colour: White, green, grey, pink, brownish, colourless, purple 
Streak: Colourless 
Lustre: Vitreous 


Fluorescence: None 


In scientific terms, the two 
minetals are said to be 
dimorphous. 


The cut 

Gem-quality zoisite (tanzanite) 
is most commonly faceted, the 
preferred cutting angle being 
40° along both the crown and 
the pavilion surfaces. Pink 
thulite, which owes its colour to 
a high manganese content, is 
carved into cabochons, beads 
and ornamental objects. 


» Thulite, a pink compact, 
granular variety of zoisite 
(Telemark, Norway). 


A Transparent tanzanite 
faceted in the 
rectangular cut with 
bevelled edges. 


4 Red crystals of 
ruby on green zoisite 
(Tanzania). 


Greenockite is 
important in 
industry because 
it contains cadmium, a 
valuable metal. 
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reenockite is generally 
yellow in colour but may 
also be orange or red. It 
was confirmed as a distinct 
mineral in 1840 and named in 
honour of Lord Greenock 
(1783-1859), who owned the 
land on which it was found. 
Greenockite is one of the very 
few minerals that contain the 
metallic element cadmium as an 
€ integral part of their chemical 
composition. 
Crystals of greenockite are 
prismatic in habit and frequently 
striated (grooved). However, the 


> Yellow greenockite on rock from 
Dumfriesshire (England). 


eenockite occurs in association with sulphides of 
various metals, especially zinc ores such as sphalerite. 
It is also found with zeolite minerals. 

The following are among the most important 
locations where it is found: Pribram (Czech Republic); 
Bergamo (Italy); and Bishopton, Renfrewshire 
(Scotland). The last named is also the classic location 
(type locality). 

Some of the most productive greenockite mines 
are in the USA, particularly at Marion (Arkansas), Joplin 
(Missouri), and Franklin and Paterson (New Jersey). 
The mineral also occurs in Australia; the Asunta Tin 
Mine (Bolivia); Tsumeb (Namibia); and Spain. . 


mineral commonly occurs as a coating on other 
minerals. The element cadmium is sometimes found in 
its native form, as whitish grains. Both greenockite and 
native cadmium occur in association with various 

A A crystal of orange greenockite. metallic sulphide minerals, especially sphalerite. 


Industrial mineral 
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GREENOCKITE 


Group: Sulphides 


Crystal system: Trigonal 
Chemical formula: CdS 
Hardness: 3-3/4 
Density: 4.7-4.8 
Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Yellow, orange, red 


Streak: Orange-yellow to brick red 


Lustre: Adamantine to resinous 


Fluorescence: None; or sometimes 
orange-yellow from impurities 


> A Greenockite (top left of the specimen) on sphalerite, 
with which it often occurs (Poopo, Bolivia). 


Dangerous metal 

Cadmium is extremely poisonous. It is absorbed from 
the soil by plants, and by animals feeding on plants, 
and so can enter the human food chain, with fatal 
effects. Inhaling cadmium fumes is also dangerous. 


Uses of cadmium 

Cadmium has a low melting point of about 320°C — 
this makes it particularly useful in soldering alloys. It is 
a component of some batteries — in which it is alloyed 
with nickel — and has also been used to increase the 
resistance of other metals to electricity (a process 
known as electroplating). 


A Minute crystals 
of greenockite on 
sphalerite and 
other zinc-bearing 
minerals 
(Scotland). 


4 Yellow crystals 
of greenockite on 
sphalerite. 


| 


of minerals, each molecule being composed of one 
atom of cadmium combined with one atom of 
sulphur. | 
Crystals of greenockite conform to the trigonal | 
system of symmetry. The crystals are prismatic, 
often tabular, and frequently have striated (grooved) 
faces. Greenockite is also found as a coating on 
other minerals. 
The lustre (sheen) of greenockite is adamantine 
(brilliantly sparkling, like diamond?) or resinous. 
The mineral has a hardness of 3-3% on the Mohs 
Scale and its density of 4.7-4.8 is above average. 


Tests and treatment 


Greenockite dissolves in hydrochloric acid, and as it 
does so it gives off hydrogen sulphide, a gas with a 
smell like that of bad eggs. Surface impurities may be 
removed with nitric or sulphuric acids without 
damaging the delicate crystal surfaces. 

Greenockite with abundant zinc impurities may 
give off an orange-yellow light when placed under an 
ultraviolet lamp: such specimens are said to be 
fluorescent. 


A Pyrophyllite shares many 


2 E characteristics with talc 


and is one of the softest 
minerals in the world. 


yrophyllite may sometimes be 
P bluish, brownish, greenish or 

yellowish, but its predominant 
colours are white or grey. Its name 
comes from two Greek words 
meaning ‘fire’ and ‘leaf’. This alludes 
to the fact that the mineral does not 
melt when placed in an open flame 
but instead splits into thin flakes and 
spreads out into a leaf or fan-like mass 
many times its original size. 

Pyrophyllite, like talc, is very 
soft and can be easily marked by a 
fingernail. The mineral is rated at 
1 to 2 on the Mohs Scale of hardness. 
Pyrophyllite has a very greasy feel and 
small fragments will adhere to the 
fingers when it is handled. 
In the past its softness was 

exploited to make tailor's chalk, and it 


A Yellowish pyrophyllite from the Russian Urals. 


4 Brownish pyrophyllite from Italy. 


FACT FILE 


PYROPHYLLITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: Al;Si;0;, (0H); 


Hardness: 1-2 


Density: 2.65—2.90 


Cleavage: Perfect 


Fracture: Uneven 


Colour: White, grey, bluish, yellowish, greenish, brownish 


Streak: White 


Lustre: Pearly to dull 


Fluorescence: None 
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A> Two typical specimens of yellowish white 
pyrophyllite from Sondrio (Italy). 


was carved by the ancient Chinese into ornaments. 


In common with talc, pyrophyllite has been used as a 
dry lubricant and an insulator, but these uses are now 
mainly outdated. It is a mineral of average density, 
being 2.65 to 2.90 times heavier than an equal 
volume of water at room temperature. 


Radiating habit 

A characteristic feature of pyrophyllite is its clusters 
of radiating crystals. Many of these clusters often 
occur together, with slender fibrous crystals radiating 
from a central point to give star-like aggregates. These 
crystals have a pearly lustre, but may become dull on 
exposure to the air for some time. They are classified 
in the monoclinic system of symmetry and are 
frequently distorted. 


Metamorphic mineral 

Pyrophyllite occurs in a number of metamorphic 
rocks, especially schist, which is formed at moderate 
temperatures and pressures in mountain belts. In 
these rocks it occurs with cyanite, sillimanite and 
andalusite. Pyrophyllite can sometimes also be found 
in hydrothermal veins along with quartz and mica. 


Tests and treatment 

The most striking physical characteristic of 
pyrophyllite is its distinctly greasy feel, which is very 
similar to that of talc. It flakes when heated and is 
insoluble in most liquids. Iron stains sometimes 
tarnish the surface of the mineral: these can be 
removed with oxalic acid. 


ORIGINS and DISTRIBUTION &* 


i y 


'ophyllite occurs in rocks which have been altered 


by heat and pressure (metamorphic rocks). It is 


especially prevalent in aluminium-rich schists 
containing minerals that form in banded, parallel 
layers. It is often found in association with 
andalusite, lazulite, sillimanite and cyanite. It also 
occurs with mica and quartz in veins which have 
been altered by hot water (hydrothermal veins). 

Pyrophyllite is found in many locations, including: 
Ouro Preto (Brazil); Hirvivaara (Finland); Bolzano 
(Italy); Nagasaki (Japan); the Ural Mountains (Russia); 
Transvaal (South Africa); Caceres (Spain); Kristianstad 
(Sweden); Zermatt (Switzerland); and California and 
North Carolina (USA). i 


Pyrophyllite is a member of the silicate group of 
minerals. It is a silicate of aluminium which also 
contains hydrogen and oxygen, the chemical 
constituents of water. Thus it is said to be a 
hydrous mineral. 

Crystals of pyrophyllite conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any other. 
The crystals tend to be shaped like table-tops and 
are often elongated and distorted. They usually 
occur in foliated, radiating or fibrous masses. 

Pyrophyllite is a very soft mineral, registering 
only 1-2 on the Mohs Scale of hardness. It can be 
easily scratched with a fingernail. 


MINERALS 


Taramellite is an 


extremely rare mineral 
: which was discovered 
in Novara, Italy. 


aramellite is usually reddish brown in 

colour. It was originally discovered 

in 1908 in the marble quarries of 
Candoglia in Novara (Italy) and was named 
after Torquato Taramelli (1845-1922), a 


noted Italian geologist. 


New discoveries 

For many years the marble quarries where it 
was first found remained the only known 
location of taramellite. Then, during the 
1980s, a number of other locations were 
discovered in North America, mainly in 
California. In 1984 a list of these was 
published and they include Santa Cruz and 
San Benito County. 


A «4 Two fibrous specimens of taramellite. The 
quarry at Candoglia in Novara (Italy) from which 
this mineral originated has been a source of pink 
marble for more than 600 years. 


Taramellite is one of over 600 members of the 
silicate group of minerals. It is made up of the 
chemical elements barium, titanium, iron, 
magnesium, silicon, oxygen and hydrogen. 

Crystals of taramellite belong to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal but are 
all at right angles to each other. Most taramellite, 
however, occurs in non-crystalline, fibrous deposits. 

Taramellite is a harder than average mineral, 
registering 54 on the Mohs Scale of hardness. Its 
density is slightly above average at 3.9. 


Rare mineral 


—Taramellite occurs in marble, a metamorphic rock 
which was originally limestone. It was first found in 
a marble quarry at Candoglia, Italy, which was for 
many years its only known locality, but it has since 
been discovered at several locations in the USA, 
especially in Santa Cruz and San Benito County, 
California. 


Complex chemical formula 

Taramellite has a complex chemical formula 
containing a number of metals including iron, 
titanium and magnesium along with boron, silicon 
and oxygen. It forms a series with titantaramellite, 
which contains a greater amount of titanium than 
does taramellite. 

With its reddish-brown colour, taramellite 
usually stands out from the paler marble and 
limestone in which it normally occurs. Its crystals 
are classified in the orthorhombic system of 
symmetry, and it sometimes occurs as tabular 
crystals, though more commonly it is found as 
massive specimens with no definite crystal shape or 
as fibrous aggregates. 

When scratched, taramellite resists a coin and at 
5% on the Mohs Scale it has the same hardness as a 
knife blade. Its density is influenced by the various 
different metals in its chemical structure and at 3.9 
is above average. 


4 Y Specimens of taramellite. 


FACT FILE 
TARAMELLITE 


Group: Silicates 


Crystal system: Orthorhombic 

Chemical formula: Ba;Fe;(Ti,Mg),(B;Si;02;)0; 
Hardness: 5/ 

Density: 3.9 

Cleavage: Perfect 

Fracture: Uneven 


Colour: Reddish brown 
L| Streak: Brown 

Lustre: Silky 
Fluorescence: None 


The Republic of 
Tunisia lies on 

the north 

coast of 

north 

Africa. It is 

bounded 

in the 

north and northeast 
by the Mediterranean 
Sea, in the southeast 
by Libya and in the 
west by Algeria. The 
country occupies a 
total area of 165,610 
sq. km, about one 
third of which is 

the Sahara Desert. 
Cape Bon in Tunisia 
is only 86km from 
Sicily (Italy). 


unisia has a wide range of natural resources. 
The most economically important are 
petroleum and natural gas, but phosphate rock, 


iron ore, lead, mercury, salt and zinc are also important 
sources of export revenue. 


The lie of the land 

The northern coast of Tunisia comprises a narrow strip 
of lowland and contains the important commercial 
harbour of Bizerte. The most prominent headland 
along the mainly sandstone coastline is Cape Bon. 
The east coast is low and sandy with two main 
indentations, the Gulf of Hammamet and the Gulf of 
Gabes. There are several offshore islands, the largest 

of which are Jarbah and the Qarqannah group. 

To the south of the coastal plain lie the Atlas 
Mountains, a range with an average height of 900- 
1200m which extends across the country and into 
Algeria. The Atlas Mountains contain the highest 


GROUNDWORK 


On the mineral 
trail: Tunisia 


A Piles of rock salt (halite) along the banks of Chott el 
Djerid in central Tunisia. This mineral is formed through 
the evaporation of salt water in hot climates. 
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point in the country, Djebel Chambi (1544m). 
South of the Atlas Mountains lies a region which 
contains numerous salt-producing lakes. The most 
important of these are Chott el Djerid and Chott el 
Gharsa; the latter is 23m below sea level. 


Petroleum and gas 
Major deposits of petroleum were first discovered in 
1964 in the south of Tunisia near Borma. There are 
other important oilfields at Chott el Djerid and in 
offshore deposits in the Gulf of Gabes near Sfax. In 
2009, Tunisia was producing 86,000 barrels of 
petroleum a day, and the country is thought to have 
abundant reserves of two billion barrels, enough to 
sustain production at the present rate for about 
50 years. 

Natural gas is also produced in large quantities, 
notably around Cape Bon and at Borma. In 2003, 
Tunisia produced 76 billion cubic feet of natural gas. 


Other natural resources 

Tunisia is one of the world’s leading producers of 
phosphate rock, a valuable source of fertilisers and 
phosphoric acid. The most productive mines are in 
the areas around Gafsa and Tozeur. 

Tunisia also produces about 200,000 tonnes of 
iron ore annually. Most of this is mined at Djebel 
Djerissa. Numerous small mines dotted across the 
country produced, in 2005, 8,700 tonnes lead 
content and 16,000 tonnes zinc content. 


> A village on the edge of the Sahara Desert, which 
forms about one third of Tunisia's total land area. 


It 


A The countryside outside the port of Bizerte. The coastal lowlands of Tunisia are the most 
fertile regions of this mainly arid country. 


DISCOVERY 


Drumlins 


Drumlins are long, low mounds formed from boulder clay which 
has been deposited by a glacier. The English word 'drumlin' is derived from the 
Gaelic druim, meaning ‘back’, ‘keel’ or ‘ridge’. Drumlins seldom occur in isolation — 
they generally form in large clusters known as swarms. 


rumlins are 
formed by the 
action of ice — in 


geological terms, they are 
described as morainic 
deposits. They are defined 
partly by their size — 
drumlins are typically no 
less than 100m and no 
more than 2000m long, 
50—500m wide and 
20-200m high — but 
mainly by their strikingly 
elongated, elliptical 
outline. 


Ship shape 

The shape of a drumlin 
clearly reflects the manner 
of its formation. It has a 
long axis which runs 
roughly parallel to the 
direction of the ice flow; 
the steeper side of the 
drumlin is blunt and 
faces upstream, while 

the gentler slope faces 
downstream. The overall 
shape is thus highly 
streamlined: when viewed 
from above (in plan), the 
outline of a drumlin may 
be said to resemble that 
of a ship with its bow 
pointing in the same 
direction as the flow of 
the ice by which it was 
originally formed. 


Lodgement till 

The main component of any drumlin is boulder clay, 
which was deposited as the original ice moved across 
the surface of the Earth. The glacier gradually 
accumulated more and more sediment, and the 
weight (mass) of this debris increased the pressure 

on the ice beneath it. 
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AA Drumlins in Wensleydale, Yorkshire (England). 
These drumiins are still a clear feature of the landscape 
despite 10,000 years’ erosion. 


A Drumlins in Cumbria (England). During the 
last Ice Age, England was covered by glaciers 
which produced drumlins. 
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A A small part of a drumlin which has been eroded to 
reveal boulder clay and unsorted pebbles and sand. 


Eventually, the pressure of this material caused 
the ice to melt and deposit some of the material it 
was carrying. The scientific term for this process is 
pressure melting; the resultant boulder clay is known 
as lodgement till. When the rock fragments in 
lodgement till face the same way, their orientation 


DISCOVERY | 


indicates the direction of the ice flow which formed 
the drumlin. 

Till is often deposited around and on obstacles 
in the path of a glacier. This suggests that it is 
formed by active melting ice rather than by static 
melting ice. 


Typical terrain 
The land between drumlins usually lacks a clear 
drainage course and is thus often boggy. Drumlins 
form on glacial plains, where they may be associated 
with long, winding ridges of sand and gravel 
(eskers) and depressions known as kettleholes. 
Drumlins are often found in great numbers on 
glacial till plains. Swarms of drumlins have 
sometimes been known as ‘baskets of eggs’. 
Examples of this topography may be seen around 
Strangford Lough, County Down (Northern 
Ireland) and in Upper Ribblesdale, Yorkshire 
(England). One of the world’s largest swarms, 
in Wisconsin (USA), contains about 10,000 
individual drumlins. 


4 Drumlins in Glen Garry, 

Perthshire (Scotland). 

The steep sides seen on 

the right indicate that 

the glacier which formed ay 
them flowed from right | 
to left. 


x 


v Alarge drumlin ona 
flat valley floor which 
formed the bed of a 
glacier (North Yorkshire, 
England). 
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4» Pyrrhotine is a 
PEN widespread 
sulphide of 
iron that occurs in many 
igneous rocks. A closely 
related mineral, troilite, 
is found in meteorites 
and on the Moon. 


yrrhotine (which is also known 
p: pyrrhotite) is normally bronze- 

yellow, but darkens to reddish bronze 
on exposure to light. Its name comes from 
the Greek word pur meaning ‘fire’. 

The rocks in which pyrrhotine is found often also 
contain ores of cobalt, nickel and platinum. These 
valuable metals are extracted for use in industry. 
The mineral is frequently associated with a number 
of other sulphides including chalcopyrite, pyrite, 
marcasite and pentlandite. 


Troilite 

The mineral to which pyrrhotine is most closely 
related, having a very similar chemical structure, is 
troilite. This is very rarely found in the Earth crust. 
Troilite occurs on the Moons surface and in 


Pyrrhotine 


! MINERALS 


"o" 


A Pyrrhotine crystals with galena (Mexico). 


CHARACTERISTICS 


Pyrrhotine is a member of the sulphide group of 
minerals, and its molecules are made up of one 
atom of iron and one atom of sulphur. 

Although pyrrhotine conforms to the hexagonal 
or monoclinic system of crystal symmetry, crystals 
are rare. The mineral more often occurs as shapeless 
specimens or tiny grains. 

Pyrrhotine scores from 3% to 4% on the Mohs 
Scale of hardness and its density is 4.53 to 4.77. The 
mineral is bronze-yellow or reddish bronze in colour 
and has a grey to black streak. 


meteorites, both those that originate from the Moon 
and those coming from Mars. 


Structure 

Molecules of pyrrhotine basically contain one atom 
of iron and one of sulphur, though the actual iron 
content can vary. The crystalline structure of 
pyrrhotine is rather complex. It can form as crystals 
which have the symmetry of either the hexagonal or 


4 Tabular, six-sided crystals of pyrrhotine from Mexico. 


Widespread mineral 


- 


the monoclinic system because of the way its atoms 
combine, creating what are called polytypes. The 
crystals are commonly tabular or platy; and 
pyrrhotine can also occur as massive or as 

granular specimens. 


Soft and magnetic 

Pyrrhotine is a relatively soft mineral, registering 
from 3% to 4%on the Mohs Scale. This makes it 
harder than chalcopyrite (copper sulphide), but 
softer than pyrite (another iron sulphide mineral). 
Because of its iron content, its density is above 
average at 4.53—4.77. 

Pyrrhotine is a magnetic mineral, unlike some of 
the other iron sulphides, and in the past was called 
‘magnetic pyrite’. It is a coppery bronze-red to 
bronze-yellow in colour and when it is rubbed on 
a streak plate a grey or black powder is produced. 

Apart from magnetite, pyrrhotine is the only 
commonly occurring magnetic mineral. However, 
the exact extent of the magnetism may vary a great 
deal from specimen to specimen. 


Treatment 

When fresh, pyrrhotine crystals often have unsightly 
surface iron stains: these may be removed with oxalic 
acid. Surface calcite growths are also common: these 


can be removed with hydrochloric acid, although it is 


ORIGINS and DISTRIBUTION € 


"Pyrrhotine occurs in basic and ultrabasic intrusive 
igneous rocks. It is particularly common in gabbro 
and norite, where it is associated with chalcopyrite, 
galena, pentlandite, pyrite and sphalerite. 

Elsewhere, it may be found in metamorphic 
rocks, veins and pegmatites. 

Pyrrhotine is found in the following countries: 
Austria, Bolivia, Brazil, Canada, Germany, Italy, 
Mexico, Norway, Romania and Sweden, plus many 
locations in the USA. 


important to ensure that all traces of the acid are 
removed after treatment because prolonged exposure 
will damage the pyrrhotine itself. 


Children should never use any 
acid - even a dilute one - without adult 
supervision. It is important to wear 
protective clothing, especially gloves and 
a face mask to prevent inhaling 
poisonous fumes. Make sure, too, that 
the workroom is adequately ventilated. 


FACT FILE. 
PYRRHOTINE 


Group: Sulphides 


Crystal system: Hexagonal or monoclinic 


Chemical formula: FeS 
Hardness: 3/47 
Density: 4.53-4.77 
Cleavage: None 


Fracture: Uneven 


Colour: Bronze-yellow, reddish bronze 
Streak: Grey-black 
Lustre: Metallic 


Fluorescence: None 


4 Sheet-like (lamellar) 
crystals of pyrrhotine 
from Romania. The | 
mineral at the centre of 
the rosette is sphalerite. 
This is also a sulphide 
mineral, but whereas | 
pyrrhotine is a sulphide 
of iron, sphalerite is a 
sulphide of zinc. 
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Anthophyllite is sometimes 

difficult to distinguish 

from the closely related 
silicate cummingtonite. 


nthophyllite can be brown, brownish 
green, green, grey or white. Its name is 
derived from the Latin anthophyllum, 


meaning ‘clove’ — this is a reference to its 
predominant colour, which is dark brown. 


Dimorphous pair 
Anthophyllite and cummingtonite both have 
the same chemical composition, being hydrous 
silicates of magnesium and iron. However, the 
two minerals have crystals that are classified in 
different systems of 
symmetry. Crystals FACT FILE 
of anthophyllite are 
orthorhombic, whereas ANTHOPHYLLITE 
those of cummingtonite Group: Silicates 
always conform to the Crystal system: Orthorhombic 
monoclinic system of Chemical formula: (Mg,Fe);Si;07;(0H); 
symmetry. Minerals Hardness: 54-6 
having the same chemistry | Density: 2.85-3.57 
but different physical Cleavage: Perfect 

Fracture: Uneven 


Colour: Brown, brownish green, green, grey, white 
Streak: Colourless to grey 


Lustre: Vitreous to silky 
Fluorescence: None 


Y A greyish specimen 
of anthophyllite. 


«4 A mass of feather-like 
anthophyllite crystals in 
schist (Balmoral, 
Scotland). 
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A This specimen of anthophyllite was found in the USA. 


structures are said to be polymorphous. Where two 
minerals fall into this category, they are known as a 
dimorphous pair. 


Solid solution series 

Anthophyllite grades into gedrite with an increase 

in aluminium. Specimens containing four atoms of 
aluminium are reclassified as gedrite, a hydrous 
aluminosilicate of magnesium and iron. Anthophyllite 
and gedrite are thus said to form the end members of a 
solid solution series. 


Tests and treatment 

Anthophyllite is insoluble in acids and water. It melts 
(fuses) in an open flame, but only with difficulty. 
Discoloration caused by iron stains may be removed 
with oxalic acid. 


A This specimen of metamorphic schist is composed 
mainly of anthophyllite crystals (Scotland). 


ORIGINS and 
DISTRIBUTION 


Anthophyllite occurs 
in magnesium-rich 
metamorphic rocks, 
especially in crystalline 
gneisses and schists. 
Among many occurrences 
worldwide, anthophyllite is 
found in the following 
locations: Hermanov (Czech 
Republic); Orijárvi (Finland); 
Saxony (Germany); Gothaab 
Fjord (Greenland); the Isle of 
Elba (Italy); KÓngsberg 
(Norway); and Fahlan 
(Sweden). In the USA it is 
found in Massachusetts, 
Pennsylvania and the shores 
of Lake Superior. 


> A fine radiating mass of anthophyllite 
crystals in metamorphic rock (Winchester, 
Pennsylvania, USA). 


Anthophyllite is a member of the silicate group 
of minerals. Each molecule is composed of seven 

. atoms each of magnesium and iron, eight atoms 
of silicon, 22 atoms of oxygen and two hydroxyl 
radicals (chemical formula OH). 

Crystals of anthophyllite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length 

. butare all at right angles to each other. The crystals 
|. are prismatic, but rare. 

Anthophyllite is a fairly hard mineral, registering 
5%-6 on the Mohs Scale of hardness, and its density 
Of 2.85-3.57 is slightly above average. 


Clinochlore 


m Clinochlore is a member 
XX of the chlorite group of 
minerals and forms «e; 
a series with chamosite. [^ 
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linochlore is usually green 

but may also be white, 

yellowish or 
colourless. Like all 
members of the chlorite 
group, it is a very soft 
mineral. 

Clinochlore is a 
hydrous silicate of 
magnesium, iron 
and aluminium; its 
magnesium content is 
greater than its iron content. 
Chamosite is a silicate mineral with 
very similar chemistry, but it contains more 


FACT FILE 


CLINOCHLORE 


Group: Silicates 


iron than magnesium. Therefore, in scientific Crystal system: Monoclinic 
terms, clinochlore and chamosite are said to form Chemical formula: (Mg,Fe);Al(Si3Al)0,o(OH), 
the two end members of a solid solution series. Hardness: 2-27 


Density: 2.63-2.98 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, white, yellowish, colourless 
Streak: Colourless to greenish white 


Lustre: Pearly 


Fluorescence: None 


v The greenish colour of this schistose (foliated) 
metamorphic rock is derived from high concentrations 
of clinochlore. The crystals visible on the surface are of 
the same mineral. 


I 
A A damaged tabular crystal of clinochlore. 


A Dark green clinochlore crystals on rock. This specimen 
was found at the Jeffrey Mine, Quebec (Canada). 


CL 


Chlorite group 

Both clinochlore and chamosite are members of the 
chlorite group of minerals, which are predominantly 
green silicates of magnesium, iron and aluminium. 
They commonly occur in regionally metamorphosed 
rocks such as slate and schist. Chlorite minerals are 
soft and have perfect cleavage, producing thin flakes 
which are flexible but not elastic. 


Tests and treatment 
Clinochlore dissolves (is soluble) in strong acid. 
When heated in an open flame, clinochlore may 
flake but it will not melt (fuse). 

Crystals of this mineral are easily damaged and 
should therefore be cleaned only with distilled water. 


Y Brownish crystals of clinochlore (Canada). 
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Clinochlore is found in a wide range of rocks, and is 
formed through the action of hydrothermal fluids or 
the metamorphism of magnesium and iron silicates 
at low temperatures and pressures. The mineral is 
an essential component of many chlorite schists and 
talc schists. 

Clinochlore occurs in many locations worldwide, 
including: Zillertal (Austria); India; Japan; New 
Zealand; Achmatowsk in the Ural Mountains (Russia); 
Zermatt (Switzerland); and Brewster, New York, and 
West Chester, Pennsylvania (USA). 


CHARACTERISTICS 


Clinochlore is a member of the silicate group of 
minerals. Each molecule is composed of five atoms 
each of magnesium and iron, two atoms of 
aluminium, three atoms of silicon, 10 atoms of 
oxygen and eight molecules of the hydroxyl radical 
(chemical formula OH). 

Crystals of clinochlore conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
are often tabular with six-sided (hexagonal) cross 
sections. Massive specimens may be earthy, foliated, 
granular or scaly. 

The hardness of clinochlore is low at 2-27; on 
the Mohs Scale, and the density of 2.63-2.98 is 
about average. 


A The greenish and yellow areas of this metamorphic rock are tiny crystals of clinochlore (the Alps, Switzerland). 


GEMSTONES 


Morganite is the name 

given to the pink 

gemstone variety of 
the mineral beryl. 


organites commercial value is as 
a decorative gemstone. It gets 
its distinctive colour from the 
presence of manganese impurities within 
the chemical structure of the gemstone. 
It can be any shade of pink, violet, peach 
or rose, and was originally found in 
California, USA. 

Morganite is named after J. Pierpoint 
Morgan, the American financier who bequeathed 
his famous mineral and gemstone collection to the 
New York Museum of Natural History. 

Apart from its colour, morganite has the same 
physical and chemical characteristics as the mineral 
beryl and its other varieties. They all have industrial 
uses, but as there are so many colourless and less 
finely coloured varieties of beryl available to 
industry, morganite's commercial value is as a 
decorative gemstone. 


Y Morganite in 

pegmatite from the 

Isle of Elba (Italy). 
A Morganite from Palo, 
California (USA). 


FACT FILE 
MORGANITE 


Group: Silicates 

Chemical formula: Be;Al,Si0,5 
Hardness: 74-8 

Density: 2.6-2.9 

Cleavage: Indistinct 

Fracture: Conchoidal 

Colour: Pink, violet, peach, rose 
Streak: White 

Lustre: Vitreous 

Fluorescence: None 


Semi-precious stone 


Y > Four Brazilian 
morganite gemstones 
showing some of the many 
possible cuts - rectangular, 
two ovals and a drop. 


A A large morganite crystal from the Isle of Elba (Italy). 


Basic properties 

As a form of beryl, morganite has the same basic 
properties as other varieties of this mineral. Beryl is a 
very hard mineral, scoring 7/to 8 on the Mohs Scale. 
This makes it harder than quartz, and the only 
minerals on the hardness scale which can mark it are 
topaz, corundum and diamond. This hardness is one 
of its virtues as a hard-wearing gemstone. Its density, 
however, is near the average of rocks in the Earth's 
crust, being 2.6 to 2.9. 


Famous gemstones 

The St Petersburg Museum in Russia has a magnificent 
step cut 598.7-carat morganite gemstone that was 
originally discovered in Madagascar. Other fine 
examples of morganite are to be seen in the National 
Museum in Prague (Czech Republic) and in the 
Smithsonian Institution in Washington DC (USA). 


CHARACTERISTICS 


Like all forms of beryl, morganite is a member 

of the silicate group of minerals and contains 

the metals aluminium and beryllium. Morganite 
crystals are often large, and they take the form of 
six-sided prisms. 

Beryl is a very hard mineral, scoring 77-8 on 
the Mohs Scale. This means it is very resistant to 
scratching, and makes the coloured varieties such 
as morganite suitable for use as gemstones. The 
density is about average at 2.6-2.9. 

Morganite has a very low sensitivity to heat - this 
means that it is very hard to melt or alter in any way 
by the application of heat. The most that can be 
achieved by heating morganite is a slight increase 
in the intensity of it pink colour. This artificial 
improvement may fade in time. 


ORIGINS and DISTRIBUTION &€ 


Like all forms of the mineral beryl, morganite occurs 
principally in granite pegmatites and in biotite 
schists. It may also be found in hydrothermal veins 
that have been created by the reaction of hot fluids 
from solidifying magma as they come into contact 
with the surrounding rock. (The scientific term for 
this process in pneumatolysis, and the morganite so 
formed is pneumatolytic.) 

Morganite is found in the Minas Gerais region 
of Brazil, on the Isle of Elba in Italy, in Madagscar, 
Mozambique, Namibia, Pakistan, Russia and 
Zimbabwe, as well as in San Diego County, California, 
USA. The finest gem-quality morganite comes from 
Madagascar, while the most recently discovered 
localities are in Pakistan. 


Heat treatment 

Some morganite gemstones that do not quite come 
up to standard, because their colour tends towards 
yellow or orange, may be heat-treated to intensify 


their pinkness. 


GROUNDWORK 


On the mineral 
trail: Suriname 


Suriname occupies an 
area of about 164,000 
sq. km in northeast 
South America. It is 
bordered in the east ji 
by French Guiana, in TNAM 
the south by Brazil PEE 
and in the west by 
Guyana. In the 
north, the country 
is bordered by the 
Atlantic Ocean. 
Formerly known 

as Dutch Guiana, 
Suriname achieved 
independence from 
the Netherlands 

in 1975. 
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Tumuc-Humac Mountains 


Major mineral 
deposits 


its industrial economy and become a leading 
producer of bauxite, the world's principal 
source of aluminium. 


S ince the 1970s, Suriname has rapidly developed 


The lie of the land 

Suriname may be roughly divided into three main 
geographical regions — a coastal plain, an area of 
open grassland with scattered trees (savanna) and an 
expanse of densely forested highlands. 

The coastal plain in the north of the country 
varies in width from about 16km in the east to as 
much as 80km in the west. It is made up mainly of 
swampy alluvial deposits criss-crossed by networks 
of bare sandy ridges, although some parts of it are A Huge piles of unprocessed bauxite outside the Suralco 
lightly forested. aluminium refinery at Moengo. 


» Much of Suriname's bauxite is transported from mines 
to the refinery at Paranam along the broad, deep 
Suriname River. 


The narrow savanna region to the south contains 
mainly infertile soil. Further inland lies the highland 


surinam 


= region, which is covered by dense tropical rainforest. 
© These highlands are dominated by the Wilhelmina 
TERE Mountain range in the west of the country. It is here 
O T that Juliana Top, the highest peak in Suriname, rises 
o to 1230m. 
| € Southern Suriname is mainly hilly, with low 
= mountain chains such as the Tumuc-Humac 
8 E Mountains. Elsewhere, the mountains form divisions 
MD. between the country's main rivers — the Coppename, 
E the Corantijn, the Marowijne and the Suriname. The 
c upper reaches of these four rivers contain numerous 
o spectacular rapids and waterfalls. 


Bauxite mining 

Suriname’s principal industries are the extraction and 
processing of bauxite. Bauxite production in 2005 
totalled 4,780 million tonnes. The most productive 
mines are at Moengo and Paranam, and both these 
towns now contain modern aluminium smelting works 
and refineries. 

Much of Suriname’s bauxite is transported cheaply 
and easily down more than 500km of navigable rivers 
and canals to the main cities near the coast. The most 
important bauxite-handling ports are the capital, 


Paramaribo, and Paranam and Smalkalden. Other resources 

Much of Suriname’s domestic and industrial energy Although most of Suriname’s wealth comes from 
requirements are fulfilled by electricity produced by a bauxite, the country also contains deposits of copper, 
hydroelectric power plant at the Brokopondo Dam iron, kaolin, manganese, nickel and platinum ores. | 
on the Suriname River. The dam is located at the Onshore oil was discovered in 1981, and in 2007 l 
northern end of the Van Blommestein Lake. production was 13,000 barrels a day. 


A A railway bridge over the water near the hydroelectric power plant at Brokopondo. 


Regional 
metamorphism 


Regional metamorphism is the action of pressure and heat over a wide 
area and is closely related to mountain building (orogeny). It gives rise to very 
rugged landscapes with numerous rocky outcrops. 


here are many 
grades of regional 
metamorphism — 


in general, the greater 
the depth at which the 
rocks were formed, the 
higher the degree of 
metamorphism. 

Many rocks that were 
originally formed through 
sedimentary deposition 
and stratification have 
subsequently been altered 
by varying degrees of heat 
and pressure. They may, 
for example, have been 
squeezed up from the 
horizontal plane and 
tightly compressed into 
concertina-like folds. 
These are effects of 
regional metamorphism. 


Structural changes 

Most — if not all — signs of the original make-up of 
such terrain may have been obliterated by intense heat 
and pressure. Thus, for example, fossils — which may 
be present in certain types of sedimentary rock — are 
absent from all but the lowest grades of metamorphic 


A The view from the summit of Cul Mor (Scotland). The rugged terrain and bare rock 
outcrops are typical characteristics of regional metamorphism. 


rocks. Pre-existent rocks and minerals may have been 
altered by metamorphism into completely new ones. 

The factors that influence the degree of 
metamorphism are heat, pressure and chemical 
environment. 


Graded changes 

The lowest grade of metamorphism takes place at 
relatively low pressure and at temperatures of no 
more than about 150?C. This creates rocks such as 
slate, which may retain visible signs (relict structures) 
of shale, the sedimentary rock from which it has 
been altered. 

At moderate temperatures and pressures, medium 
grade metamorphic rocks are formed. Schist is 
characteristic of this grade of metamorphism. The 
highest grades of regional metamorphism may take 


4 Slate is a product of the lowest grade of regional 


metamorphism and may contain recognisable remnants 


of the original shales from which it was formed. 
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place under pressures equivalent to 

many thousands of atmospheres and at 
temperatures of up to about 850°C. Intense 
reactions of this type create metamorphic 
rocks such as gneiss. 

As they respond to the heat and 
pressure around them, many of the new 
minerals in regional metamorphic rocks 
develop orientation, with their crystals 
all facing in the same direction. 

The rocks produced by the forces 
of regional metamorphism extend 
over immense areas. Most rocks of 
this type are hidden beneath the 
Earth, but some are exposed and 
visible on the surface. 


Great mountains 
Among the world's classic 
examples of regional 
metamorphism are the 
mountain ranges of the 
Himalayas and Urals 
(Asia), the Alps and 
Pyrenees (Europe), the 
Appalachians and Rockies 
(North America) and the 
Andes (South America). 
Other fine examples of 
regional metamorphism 
may be seen in eastern 
Greenland, Ireland, 
Norway, Sweden and 


Sutherland (Scotland). 


> A typical landscape of 
regional metamorphism in 
Sutherland (Scotland). 


DISCOVERYA 


4 Gneiss is a typical 
product of high grade 
regional metamorphism. 
This specimen contains 
veins of pink pegmatite. 


v Slate often contains 
golden crystals of pyrite 
(iron sulphide). 
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Xenoliths 


Xenoliths are 'foreign' masses of rock which have been caught up 
in magma or lava. The word 'xenolith' comes from the Greek words xenos which 


s igneous rock 

intrudes the 

Earths crust, 
or is erupted as lava, it 
incorporates fragments of 
country (host) rock. This 
is the pre-formed rock in 
the area where the 
igneous rock is active. 
These fragments of 
country rock, within the 
molten igneous rock, are 
xenoliths. Xenoliths are 
‘foreigners’ to the magma 
or lava and may be a few 
centimetres to many 
metres in size. 

In scientific terms, a 
xenolith is defined as any 
fragment of rock that 
occurs in the form of an 
inclusion within a body 
of igneous rock but is 
chemically unrelated 
to it. 

Xenoliths are 
formed from pieces of 
older rock that have been 
incorporated into magma 
while it was still fluid 
and plastic. In some 
locations, they may now 
be found close to the 
point at which they were 
attached to the original 
country rock. Elsewhere, 


> This Shap granite, which 
is exposed in eastern 
Cumbria (England) contains 
a grey xenolith of volcanic 
rock. This has been 
considerably heated by the 
granite magma, and pink 
orthoclase feldspar has 
developed in it. 


means ‘foreign’, and /ithos meaning ‘rock’. 


4 A dark xenolith in red granite from the Isle of lona, western Scotland. The granite is 
this colour because it contains much reddish orthoclase feldspar. Some grey quartz 
and red feldspar can be seen in the xenolith. 
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DISCOVERY | 


however, xenoliths made of denser material than 
their surroundings may have subsided deep inside 


the intrusion. 


Assimilation 


Xenoliths are usually reconstituted through the 
processes of contact metamorphism, in which heat 
and fluids cause chemical changes. The make-up of a 


A This intrusion of diorite 
on the island of Herm 
(Channel Islands) contains 
many large dark 
xenoliths. These resist 
weathering and coastal 
erosion more than the 
diorite in which they 

are contained and so 
stand out from the 
igneous rock. 


4 This dark grey xenolith 
above Loch Scridain on 
the Isle of Mull (Scotland) 
is about half a metre in 
length. Xenoliths in this 
area are of interest 
because they can 
contain sapphires. 


xenolith may be altered or it may become 
incorporated into a greater body of igneous rock by a 
process known as assimilation. If the assimilation is 
extensive, it may give rise to unusual rock types. 

Detailed study of the rocks in and around a 
xenolith may provide scientists with valuable 
information about the temperature and composition 
of the magmatic body in which it formed. 
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Copal is a 
solidified 
resin 
that was 
originally 
secreted by certain 
species of tropical tree. 


opal is mainly yellow but 
may also be orange or red in 
colour. Its name is derived from 
copalli, the Nahuatl word for ‘resin’. 
(Nahuatl is an old Central American language.) 


Exudates 


Copal is the general term used to describe resinous 

materials secreted from the Brazilian copal, a species of 

tropical tree. The name for these products is exudates. 
The exact composition of copal is extremely 

variable and the substance therefore cannot be given 

a chemical formula. 


Tropical forests 
There are two main varieties of Brazilian copal 
tree. One, Trachylobium verrucosum (also known as 
Hymenaea verrucosa), is found mainly in East Africa 
and on the west coast of the island of Zanzibar. 

The other form of Brazilian copal is known by the 
botanical name Hymenaea courbaril: this is found in 
the jungles of South America. 


COPAL 


Group: Organic material 
Crystal system: Amorphous 
Chemical formula: Variable 
Hardness: 2-27 

Density: 1.06-1.10 
Cleavage: None 

Fracture: Conchoidal 


Colour: Yellow, orange, red 
Streak: White 
Lustre: Resinous 


Fluorescence: Sometimes bluish white 


AY Two typical specimens of copal. Copal is 
found in many tropical locations, including 
East Africa and the Philippines. 


Copal is derived from trees which lived approximately 
750,000 years ago. (By contrast, amber-producing 
trees lived about 20 million years ago.) 

Copal has been found in the following countries: 
Australia, Brazil, Colombia, Democratic Republic of 
the Congo, Kenya, Madagascar, Mozambique, New 
Zealand, the Philippines, Sierra Leone and Tanzania. 

A variety known as copalite or Highgate resin is found 
in clay in London (England). 


Jackass copal 

Although copal is solid, resins are also extracted in 
viscous form from living trees. This form — which is 
known as jackass copal — is widely used in India and 
China to make varnish. 


Uses of copal 

The uses of copal in jewellery and ornamentation 

are strictly limited by its great softness: it scores only 
2-24 on the Mohs Scale and may be scratched with a 
fingernail. However, the finest pieces are sometimes 
fashioned into smooth, domed cabochons and may 
also be used in bracelets and earrings. 


Similar material 
Copal is very similar to amber: both are organic 
materials derived from tree resin; both have a similar 


CHARACTERISTICS olla 


Copal is an organic resin that is sometimes used as a 


gemstone. Its chemical make-up is highly variable 
and it has no crystal structure. 

when copal is placed under an ultraviolet lamp it 
may give off a distinctive azure light: the scientific 
term for this effect is fluorescence. 

Copal will melt at temperatures slightly below 
150°C: it is thus even more sensitive to heat than the 
closely related amber (which has a melting point of 
about 200°C). 

The most striking physical characteristics of 
copal are its colour (bright yellow, orange or red), its 
resinous lustre, its amorphous habit and its softness 
(2-2%0n the Mohs Scale of hardness). 


yellow colour and a density only slightly greater 
than that of water. Neither copal nor amber has a 
crystalline structure (in scientific terms, they are said 
to be amorphous). 

The key difference between the two resins is the 
type of tree from which they derive: amber comes from 
conifers in subtropical and temperate climates, while 
copal comes only from tropical trees. 

Since amber is derived from trees that lived 
millions of years ago, any fossilised flora or fauna it 
contains may be extinct. Copal is more likely to 
contain inclusions of extant plants and animals. 


4 v Specimens of copal such as these can be 
used in jewellery to make bracelets and earrings. 


Artinite is a rare 
mineral found in 
serpentine rocks. 


rtinite is grey or white. It was first identified 
as a distinct mineral in 1903 and named 
after Ettore Artinini, a 19th-century 

Italian geologist. 

Artinite is a rare naturally occurring form of 
magnesium carbonate that contains hydroxyl ions and 
also has molecules of water of crystallisation attached 
to it. In chemical terms, therefore, it is said to be both 
a hydrous and a hydrated mineral. 


Serpentinisation 

One of the most characteristic features of artinite is the 
way it forms as radiating clusters of white needle-like 
crystals. These are found in small cavities in igneous 
rocks that have been changed by a process called 
serpentinisation. This occurs when hydrothermal 
fluids penetrate existing rock and change the minerals 
of which they are made. Many chemical changes take 
place during this process and minerals such as artinite 
and a range of serpentine minerals are created. Because 
artinite commonly occurs as very slender crystals it is 


> Sprays of radiating needle-shaped (acicular) crystals 
of artinite on ultrabasic rock. 


Y Small radiating crystals of artinite. These would be 
damaged if they were removed from their groundmass 
and so are displayed in situ. 


FACT FILE 
ARTINITE 


Group: Carbonates 
Crystal system: Monoclinic 


Chemical formula: Mg;CO;(0H);.3H;0 


Hardness: 2/4 

Density: 2.0 

Cleavage: Perfect 
Fracture: Uneven 
Colour: Grey or white 
Streak: White 

Lustre: Vitreous or silky 
Fluorescence: None 


Rare mineral 


not easy to test its hardness. However, it registers 

2% on the Mohs Scale of hardness, which is the same 
hardness as that of a fingernail, so it can easily be 
marked by a copper coin. Its density is well below 
average at 2.0. 


Tests and treatment 
Artinite dissolves easily in cold dilute acids, giving 
off a distinctive effervescent fizz. When heated in an 
open flame, it does not melt (fuse) but gives off water 
and carbon dioxide gas. It is softer and less dense 
than the closely related and similar looking minerals 
hydromagnesite and magnesite. 

Artinite may be cleaned with alcohol. 


CHARACTERISTICS 


Artinite is a member of the carbonate group of 
minerals. Each molecule contains two atoms of 
magnesium, one atom of carbon, three atoms of 
oxygen and two hydroxyl ions (chemical formula OH), 
together with three attached molecules of water of 
crystallisation. 

Crystals of artinite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. They often 
Occur as sprays of radiating needle-shaped (acicular) 
crystals. Their sheen (lustre) may be glassy (vitreous) 
or silky. 

Artinite is a soft mineral - it scores only 27 on the 
Mohs Scale of hardness and may be scratched easily 
with the edge of a coin. Specimens of this mineral 
weigh almost exactly twice as much as the 
equivalent volume of water at room temperature - 
in scientific terms, therefore, artinite is said to have a 
density of 2.0. 


4 Magnesite 
(magnesium carbonate), 
which is commonly 
associated with artinite. 


Y A specimen of brucite 
(magnesium hydroxide), 
which is another common 
associate of artinite. 


Artinite is found in ultrabasic rocks that have been 
altered by exposure to hot water (hydrothermal 
fluids). The scientific term for this process is 
serpentinisation 

Among the minerals commonly associated with 
artinite are other magnesium-bearing minerals 
such as brucite (magnesium hydroxide) and hydro- 
magnesite (another form of magnesium carbonate). 

Artinite is found in Austria; the Aosta Valley (Italy); 
and San Benito County, California, Hoboken, New 
Jersey and Staten Island, New York (USA). 
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Verdite is a form of 

fuchsite that is sometimes 

used to make carvings 
and ornaments. 


erdite is various shades of green. It 

is not a distinct mineral in its own 

right but a variety of a member of 
the mica group. Its name is derived from 
vert, the French word for ‘green’. 

Verdite is an impure form of 

fuchsite, which is a variety of 
muscovite, a member of the mica 
group of minerals. Fuchsite contains 
the elements potassium, aluminium, 
silicon, oxygen and hydrogen. 
Chromium is also present in 


varying quantities of up to 5 per 
cent by weight. Specimens with 


A This small specimen of verdite (approximately 
2cm across) shows the green colour and massive 
(non-crystalline) habit of this form of fuchsite mica. 


Verdite is a member of the silicate group of 
minerals. It is a variety of fuchsite and as such is 
. aform of mica. 

Because verdite is a green form of muscovite 
mica it shares most of its properties. Together with 
muscovite It has a hardness of 27 to 3 on the Mohs 
Scale and a density ranging from 2.8 to 2.9, which is 
just above average. 

One of the most important characteristics of 
muscovite and other mica group minerals is their 
cleavage. When broken, these minerals break with 
perfect cleavage into thin flat sheets. These sheets 
may be so thin that they can be bent. The fracture is 
uneven and produces very jagged edges. 

However, whereas muscovite occurs as flat tabular 
crystals which are classified in the monoclinic system 
of symmetry, verdite rarely occurs as crystals. 

If a rough specimen of verdite is rubbed along a 
piece of white, unglazed porcelain, it will reveal a | 
colourless streak: this is the colour that all specimens 
would be if they were reduced to powder. 

A An African head carved in verdite. í Ld a a XIIag 


* 


5. 


Mineral variety 


Y 


the highest level of chromium have a distinctive 
green colour and are given the name verdite. 

Verdite is mainly used as a trade name to describe 
a dark green fuchsite or muscovite which forms in 
masses suitable for carving into figurines or 
smoothing into ornamental slabs. 


Muscovite 


As a form of fuchsite, verdite is a variety of 
muscovite. Muscovite occurs in many different rocks, 
especially igneous and metamorphic rocks. It is very 
common in granite and its very coarse-grained 
variety, pegmatite. Here muscovite crystals may be 
many centimetres in diameter. 

In metamorphic rocks muscovite is especially 
common in schist and gneiss, rocks formed by 
regional metamorphism. Verdite has a similar 


occurrence. 


A Verdite was the 
material used to carve 
this imposing African 
head. 


> This polished 
specimen of 

verdite shows the 
rich colouring of 
the mineral 
(Jamestown, Eastern 
Cape, South Africa). 


" 


In common with other types of mica, verdite 

forms mainly in igneous and metamorphic rocks. 
Fuchsite, of which it is a form, occurs in many 
igneous rocks, especially granite, and many 
metamorphic rocks, particularly the regionally 
metamorphosed rocks, gneiss and schist. These two 
rock types are formed when already exiting rocks 
are subjected to heat and pressure beneath the 
surface of the Earth, during the creation of 
mountain ranges. Verdite is particularly likely to 
occur in gneisses, granites, pegmatites and schists. 
It may also be found around rubies. 

Verdite was first discovered around Kaap Station 

on the North Kaap River (Mpumalanga, South 
Africa). It is also found in Zimbabwe. 


Muscovite is a very soft mineral, with a hardness 
of 2% to 3 on the Mohs Scale of hardness. It can be 
easily marked by a coin and often by a fingernail. Its 
density, at 2.8 to 2.9, is just above average. 


VERDITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: K(AI,Cr)3Si30;9(0H), 
Hardness: 24-3 

Density: 2.8-2.9 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Green 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 
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may also be grey, orange, reddish 
orange or brown. It was named 
in 1845 in memory of Franz von Wulfen 


(1728-1805), 
whose life’s work 
was a detailed study 
of the geology of 
Carinthia in his 
native Austria. 
Wulfenite can be 
found in mineral 
veins, especially 
those containing 
lead ores. It forms 
as the result of 
hydrothermal fluids 
altering and 
depositing minerals 
along fault lines and 
other breaks in the 
Earth’s crust. Such 
fractures are easy 
ways for these fluids 
to flow, under 
pressure, from 
depth. Many 


minerals are formed 


ae 


are equal in length. 


Wulfenite is a 
secondary ore of 
molybdenum and is 
also of interest to collectors. 


Y i Julfenite is usually yellow, but 


Wulfenite is a member of the molybdate group of minerals, 
a name which derives from the presence of molybdenum. 
| Wolfenite also contains the chemical elements lead and oxygen. 
| Crystals of wulfenite belong to the tetragonal system and 

| often resemble elongated cubes. Their three crystallographic 
axes are all at right angles to each other, but only two of them 


|! < A Tabular crystals of wulfenite. 


If wulfenite is rubbed along a piece of unglazed, white 


porcelain it will reveal a white streak. Wulfenite is a soft mineral, 
scoring only 27-3 on the Mohs Scale of hardness, but it has a 
high density, at 6.5-7.0, because of its lead content. 


A Two wulfenite crystals, the top 
one tabular and twinned, and the 
one below pseudocubic. 
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Widespread mineral 


in this way, some of considerable economic 
importance. 

Wulfenite is found with many other hydrothermal 
minerals, including vanadinite, galena (a major ore of 
lead), pyromorphite, cerussite and malachite. It is 
characterised by its yellow colouring, vitreous lustre 
and fine tabular crystals which frequently have square 
faces. With its lead content, wulfenite has a high 
density at 6.5 to 7.0. Its hardness is low at 27 to 3 on 
the Mohs Scale, and it can be readily marked with the 
edge of a coin. 


Molybdenum 

Wulfenite is mined for its molybdenum content, 
which comprises about 26 per cent of the mineral. 
Molybdenum was discovered in 1778 by Karl Wilhelm 
Scheele (1742—1786), the Swedish chemist who also 
discovered manganese four years previously and aided 
the discovery of barium and chlorine. 

Molybdenum is a silvery, metallic element which is 
used in alloys to strengthen steel. It often occurs in 
association with lead deposits, and its main industrial 
source is molybdenite, a widespread sulphide mineral. 


FACT FILE 


WULFENITE 


Group: Molybdates 


Crystal system: Tetragonal 


Chemical formual: PbMo0, 
Hardness: 2/—3 

Density: 6.5-7.0 

Cleavage: Distinct 


Fracture: Uneven 


Colour: Yellow, orange, reddish orange, brown, grey 
Streak: White 
Lustre: Resinous to adamantine 


Fluorescence: None 


4 Fine, brightly coloured 
crystals of wulfenite. 
Such specimens are 
prized by mineral 
collectors. 


v A reddish orange 
crystal of wulfenite. 


Wulfenitē'is a secondary mineral that forms in 
oxidised ore veins that have been altered by 
circulating water. It is often found in association 
with calcite, cerussite, galena, limonite, malachite, 
pyromorphite and vanadinite. 

Wulfenite occurs in many places including 
Algeria; Australia; Bleiburg (Austria); Germany; 
Bergamo (Italy); Mapimi (Mexico); Morocco; and 
Tsumeb (Namibia). The mineral has also been 
discovered in large quantities in Arizona, South 
Dakota and Utah (USA). 


Tests 


Waulfenite melts (fuses) easily and crackles audibly 
when it is placed in an open flame. It dissolves fairly 
readily in hydrochloric acid when it is heated, and 
more slowly when the acid is cold. 
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On the mineral trail: 
Mozambique 


GEOGRA 


BO 


Situated in 
southeast Africa, 
Mozambique has mem 
been an independent 

republic since 1975, "Mw 

when it gained 
independence from 

Portugal. The country 

occupies an area of 

801,590 sq. km and 

is bounded in the 

north by Tanzania, 

in the east by the Kiaan 
Mozambique Channel 

and the Indian Ocean, 

in the south and 

southwest by South 

Africa and Swaziland, AMBABWE 
and in the west by 

Malawi, Zambia 

and Zimbabwe. 


early 44 per cent soe * 
of the land area of ) 
Mozambique is Inhambane fala 


made up of coastal 

lowlands and marshes 

adjoining the shores of 

the Indian Ocean and the 

Mozambique Channel. Inhambane 


TANZANIA 


Niassa 
Province 


Great Rift Valley. 


Ca 
Ba 


Dam 


Sofala 
Province 


Mt Binga 


Mount Binga i 

Inland, the terrain rises Maputo 

towards the west in a series dut 

of low hills and plateaux. 

The highest point in the 

country is Mount Binga 

(2436m), near the border 

with Zimbabwe. The Indian Ocean 
plateaux of the Niassa and 

Tete provinces form the 


Mozambique 


On the mineral tra 


A The mighty Zambezi River, which divides the north of 
the country from the south, and acts as an important 
trade route. 


southernmost extremity of the African Great Rift 
Valley. In the south, the main highland areas are 
in the provinces of Manica and western Sofala. 
There is another mountainous area in the far 
southwest in western Maputo Province near the 
border with Swaziland. 

Rivers are important trade routes and play a vital 
role in the economic life of the country. The mighty 
Zambezi River is the main dividing line between the 
north and south of the country, and there are five 
other main waterways — the Ruvuma, Lurio, Ligonha, 
Save and Limpopo — which all flow into the Indian 
Ocean. The Zambezi River is the site of a huge 
hydroelectric power station at the Cabora Bassa Dam 
and Lake in Tete Province. The only other lake is Lake 
Nyasa, which is shared between Mozambique, Malawi 
and Tanzania. 


Soils 

Most of the soils of northern and western 
Mozambique are founded on granite, while those 

of the southern and eastern areas are mainly 

derived from sedimentary rocks. Sandy, iron-bearing 
(ferruginous) soils of poorer quality predominate in 
the south, and the best soils for agriculture are alluvial 
deposits along the Limpopo and lower Zambezi rivers. 


Mineral wealth 

Mozambique has large reserves of manganese ore, 
which is mined in small amounts at Catuane near the 
border with South Africa. There are also significant 
but largely unexploited deposits of bauxite and high- 
quality iron ore near Tete, and the country's small gold 
industry is expected to develop rapidly. 


Tantalite and columbite 
The Manica Province of Mozambique is the world's 
leading source of tantalite and columbite, two closely 


4 A handmade kiln for making bricks outside a 
Mozambique village. 


related oxides of iron, manganese, tantalum and 
niobium, which are variously used in the electronics 
industry and in the production of top-grade steels. 


Aluminium ore 
Bauxite is found in many parts of the country: it 
is the principal ore of aluminium, containing many 
constituents, including gibbsite, boehmite and 
diaspore, together with smaller quantities of rutile, 
anatase and zircon. Bismuth, graphite, ilmenite and 
mica have also been extracted. 

Also to be found in Mozambique are small 
quantities of asbestos, copper, diamond, manganese 
and titanium. 


Coal and gas 

Mozambique has extensive reserves of bituminous coal 
— an estimated six billion tonnes in the highlands of 
Tete Province alone. The most important mine is at 
Moatize: in the mid-1970s, production here reached 
an annual peak of 575,000 tonnes, but has declined 
sharply as a result of a protracted civil war. In 2007 
production was no more than 72,000 tonnes. There is 
a natural gas field at Pande in Inhambane Province. 


alt domes 


Evaporite deposits form on the Earth's surface as salt water lagoons and 
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inland lakes dry out. Here layers of evaporite minerals such as halite (rock salt), 
gypsum and sylvite (potash) are deposited along with clay and marl strata. 


uring geological time many such sequences of 
D strata have been buried at considerable depth 

as other sedimentary rocks have been formed 
above them. The weight of overlying layers causes the 
rock salt to become plastic and flow upwards in large 
dome-shaped masses. 

Salt domes are known as diapirs, a word derived 

from the Greek diapeirainein, meaning ‘to make holes 
through’ or ‘to pierce. 


Plasticity 

Diapirs are formed as the shape of salt deposits 
becomes altered (plastically distorted) under pressure 
beneath the surface of the Earth. The salt then behaves 
like intrusive magma — great subterranean masses of 
salt infiltrate the cracks and fissures in overlying 
sediments and may even uplift whole layers of rocks 
above them. 


A Greenish crystals of selenite, the transparent variety 
of gypsum, which is one of the common evaporite 
minerals found in salt domes. 


A A massive salt dome with a glacier of white salt descending down its side (Iran). 


Salt domes 


When viewed in profile, a diapir may resemble the 
outline of a balloon, with a narrow neck near the base 


and a roughly spherical upper body. 


Folding 

As they rise, salt domes may develop folds — that is, 
contortions which are propelled upwards and pierce 
the overlying strata. Diapirs that have broken through 
on to the surface may subsequently be covered 
(capped) by deposits of various other materials. 


Industrial uses 

Salt domes are of great economic importance as 

sources of gypsum, rock salt (halite) and sulphur. 
Halite or rock salt has widespread economic uses 

and salt domes have been mined and quarried for 

many years. Halite is used in the chemical industry as 

a source of sodium and chlorine and as a food 


DISCOVERY 


4 Some salt domes form 
striking features. These 
clusters of stalactites 
were photographed in a 
cave inside a 1500m-high 
salt dome (Iran). 


Y Halite, which is just 
one of a wide range of 
evaporite minerals found 
in salt domes. 


4 Sylvite, another important constituent of salt domes. 
This evaporite mineral - an important ore of potassium 
- is a naturally occurring form of potassium chloride. 


preservative. In bulk, halite is much used in the 
northern hemisphere to grit roads in times of freezing 
winter weather. 

Sulphur is a non-metallic element which may be 
deposited through the activities of animals and plants. 
Certain bacteria live in airless (anaerobic) conditions 
but derive the oxygen they need from the mineral 
gypsum (hydrated calcium sulphate, chemical formula 
CaSO,.2H;O). The extraction of oxygen from the 
sulphate ion (SOx) releases sulphur in its free state. 
Some of the world’s greatest diapiric sulphur deposits 
are found in Louisiana and Texas (USA). 

Although oil is not an integral part of a salt dome, 
diapiric structures often form underground traps in 
which oil becomes lodged in substantial quantities. 
The oil trap in the salt dome zones of the Gulf of 
Mexico (USA), for example, is thought to contain the 
equivalent of more than 500 million barrels of oil. 
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U-shaped valleys 


U-shaped valleys are produced by glacial erosion in upland regions. Some were 
formed thousands of years ago during the last Ice Age, or even earlier - 
fine examples may be seen in the English Lake District, the Highlands of Scotland and 
north Wales. Others are still being formed today in the world's great mountain 
chains, particularly the Himalayas of Asia and the Rockies of North America. 


U-shaped valley is long, narrow and relatively others flow along the course of pre-existent rivers. 
nes The valley has a gently sloping floor Glacial erosion in an old river valley deepens, widens 
and a steep slope at its upstream end and straightens the features of the landscape. The 
(headwall), at which point it may be linked to a existing mantle of river-deposited sediment is removed 
corrie or corries higher in the mountains. At the 
downstream end, the valley is wide and open, with Y Lakes may be left behind on the floor of a U-shaped 
ridges of terminal moraine (see Discovery 153). valley after the glacial ice has melted. This example is 
A U-shaped valley's sides are also steep although, Grasmere in Cumbria (England). 


since glaciation, they 
have usually been 
modified by weathering 
and the deposition of 
scree slopes, which hide 
the original bare rock 
sides of the valley. 


Post-glacial period 
After the recession of the 
glacier by which the valley 
has been formed, the 
floor of the valley often 
becomes covered with 
sediment. This is 
deposited either in 
post-glacial lakes or by 
meandering streams 
which flow along the 
valley floor. Fine examples 
of streams of this type 
may be seen in Martindale 
and Boredale (Cumbria, 
England). Vegetation 
grows on the valley sides 
and floor, and may mask 
the erosional features 
created by the glacier. 


Pre-existent valleys 
While some glaciers create 
valleys of their own, 


> A view of Loch Broom 
(Scotland) taken from the 
upstream end looking down 
the flat-bottomed U-shaped 
valley towards the sea. 
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A A typical U-shaped 
valley with steep sides 
and a flat floor (Eskdale, 
Cumbria, England). 


» The convergence of 
the U-shaped valleys 
Martindale and Boredale 
in Cumbria (England). 


v The U-shaped Caldew 
valley (Cumbria, England). 


high up on the main 
U-shaped valley sides. 


Polished floor 
The rock floor of a 
U-shaped valley may be 
smoothed and grooved, 
caused by the grinding 
motion of rocks in the 
glacier. The orientation 
of these grooves provides 
geologists with a valuable 
clue to the direction of 
the ice flow. 
Ice is able to erode 
below sea level and, as a 
result, some U-shaped 
valleys have floors that 
lie far below the current 
level of the sea. Loch 
and any spurs on the valley sides are worn away to Morar in Scotland, for example, is more than 114m 
give the glacial valley its straight sides. After the ice deep, even though its surface is now only 20m above 
has receded, tributary valleys may be left hanging the present level of the sea. 
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Iris quartz is a fairly rare 
gemstone that shows all the 
colours of the rainbow. 


Ithough iris quartz is basically colourless, the 
A internal structure of its crystals enables it to 

diffract plain white light into the seven colours 
of the spectrum. The scientific name for this effect is 
iridescence, a word that derives from /ris, the Greek 
goddess of the rainbow. 

Iris quartz — which is sometimes referred to simply 
as iris — has been known since the time of the ancient 
Egyptian civilisation. Its distinctive properties were 
first described in detail by Pliny the Elder (23—79 AD), 
the Roman naturalist and historian. 


Iridescence 

Iridescence — or spectral diffraction, as it is 
alternatively known — occurs when light passes 

from the air into a solid medium which breaks 

up the normal white rays into their seven constituent 
colours (red, orange, yellow, green, blue, indigo 

and violet). The scientific term for this optical 

effect is interference. 


A Iris quartz from St Gotthard 
(Switzerland). 


IRIS QUARTZ 


Group: Oxides 


Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Colourless (iridescent) 
Streak: White 


Lustre: Vitreous 


Fluorescence: None 


4 Iris quartz from Minas 
Gerais (Brazil). 


CHARACTERISTICS 


Every molecule of iris quartz is composed of one 
atom of silicon combined with two atoms of oxygen. 
Although iris quartz is a member of the oxide group 
of minerals, it is sometimes wrongly described as a 
silicate material. 

Crystals of iris quartz conform to the trigonal 
system of symmetry. They occur as six-sided 
(hexagonal) prisms which often terminate in 
pyramids at both ends. 

Iris quartz derives its distinctive iridescence from 
internal fractures. In some specimens, the structural 
gaps thus created may be filled with tiny particles of 
liquid or gas which increase the play of colour. 


A A specimen of iris quartz from St Gotthard IB 


(Switzerland). Note the play of rainbow colours along 
the faces of the pyramidal endings. 


ORIGINS and DISTRIBUTION < 


Iris quartz is found mainly in pegmatite, an igneous 
rock that was originally created through igneous 
activity deep beneath the surface of the Earth. The 
internal structural flaws that give this mineral its 
characteristic iridescence are caused by the great 
pressure under which it is formed. 

Some of the world's finest specimens of iris quartz 
are from the following locations: Minas Gerais (Brazil); 
Sondrio (Italy); Madagascar; Myanmar (Burma); 
Panasqueira (Portugal); the Ural Mountains (Russia); 
and St Gotthard (Switzerland). 


Internal Interference 

In some minerals, such as bornite, this interference 
occurs on the surface of the mineral; by contrast, the 
iridescence of iris quartz is caused by closely spaced 
fractures inside the body of the gemstone. 


The cut 
The natural iridescence of iris quartz may be greatly 
enhanced by cutting and tumbling, particularly into 
smooth domed cabochons or spheres. Some pieces are 
used in necklaces, tiaras 
and other forms of 
jewellery. The largest 
specimens of iris quartz 
are carved into statuettes 
and small ornaments. 


Artificial forms 

Iris quartz may sometimes 
be obtained by heating 
colourless, transparent 
crystals of ordinary quartz 
to temperatures of about 
500°C and then rapidly 
cooling them in a mixture 
of cold water and oil. 
However, this reaction 

is reversible and the 
iridescence thus obtained 
will diminish in quite a 
short time. 


> A close-up showing 
the magnificent 
iridescence of a large iris 
quartz crystal from 
Panasqueira (Portugal. 


Abalone is an organic 
gemstone originally 
formed as the shell 
of an edible sea snail of 

the same name. 


balones may belong to one 
of several groups of sea snails 
that dwell in warm water 


worldwide. In scientific terms, they are 
described as marine gastropods of the 
genus Haliotis and the family Haliotidae. The 
snails themselves are edible and their large, muscular 
feet are a great delicacy in some countries. The finest 
abalone shells have an internal pearly lustre and reveal 
all the colours of the spectrum: these play about the 
surface displaying the scientific phenomenon called A The striking internal markings of an abalone shell, 
iridescence. Abalones are also sometimes known as ear which is often fashioned into small items of jewellery. 
shells or ormers. 


Distinctive shells 
Abalones are widely distributed and easily recognisable 
by their distinctive dish-like shells which are perforated ABALONE 


near one edge by a single row of small holes. 


Group: Organic material 
Crystal system: None 
Chemical formula: None 
Hardness: 3/—4 

Density: 2.6-2.7 
Cleavage: None 


Fracture: Uneven 


Er L0 A. Colour: Iridescent 
- - Lustre: Pearly 


Fluorescence: None 


4 This close-up image 
shows why abalone, with 
its complex coloured 

markings, is sought after 
for jewellery. 
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Organic gemstone 


CHARACTERISTICS 


Like all organic material, the chemical composition 
of abalone is variable. 

However, in general terms, abalone usually 
contains nacre (also known as mother-of-pearl), a 
naturally occurring material comprising aragonite 
(calcium carbonate, chemical formula CaCO;) and 
conchiolin (a protein with the chemical formula 
C5;H44N,044). Abalone also contains keratin - the name 
given to a complex group of proteins which form in 
aggregates and derive enormous strength from their 
coiled structural shapes. 


Young specimens usually have a large number 
of holes, but most of these become filled in as the 
snail grows. Mature abalones retain only between 
five and nine holes for breathing and as outlets for 
waste products. 

Depending on the species, abalones range from 
10 to 30cm long and may be up to 7.5cm wide. The 
largest abalone is the 30cm-long red abalone (Haliotis 
rufescens) found on the western coast of the USA. 


Green snail 

One type of abalone is the green ormer (Haliotis 
tuberculata), an edible sea snail with an ear-shaped 
shell that is found from the Mediterranean Sea 
northwards to the Channel Islands (British Isles). 


Ornamental uses 

Complete abalone shells may be used as ashtrays 

or as small dishes. Although abalone may be polished 
by machine, specimens are very soft and should be 
worked either by hand using steel tools, or shaped by 
grinding and sanding. 


4 The outside and inside 
of two abalone shells. 
The rough outer surface 
is a great contrast to the 
iridescent interior. 


v The ormer, which is a 
variety of abalone, lives 

in warm subtropical 
waters around the 
Mediterranean and as 

far north as the Channel 
Islands. This one was 
photographed in Guernsey. 


ORIGINS and DISTRIBUTION $ 25" 


Abalones are widely distributed throughout the 
world's warm, temperate seas. They live on rocks, 
moving slowly over them, scraping algae from the 
surface with their rasping tongues. 

Abalone is sought after by jewellers. To satisfy this 
demand, Japan, Mexico, South Africa and California 
(USA) all have thriving commercial abalone fisheries. 
Elsewhere, smaller colonies of abalone have been 
found off the coasts of the following countries: 
Australia; Egypt; India; Panama; Sri Lanka; the United 
Arab Emirates; and Venezuela. 


A face mask should be worn 
when working with abalone because the 
shells contain keratin (a protein also 
found in rhinoceros horn), which may 
damage the lungs if inhaled. 


Cryolite is a halide mineral 
once used as a flux in the 
DA refining of aluminium. It is 
almost invisible in water. 


NM. 


7 "^ryolite is usually colourless or white, 


but it may also be brown, reddish or 
w. 4 yellowish. The mineral commonly resembles 


ice and its name is derived from the Greek word £ruos, 


meaning Ice. 


Cryolite is a naturally occurring fluoride of sodium 
and aluminium. Historically, the main industrial use of 


cryolite was as a flux in the refining of bauxite into 


aluminium, but it has now been superseded in this role 


by synthetic fluorite (calcium fluoride). 


Crystals of cryolite are classified in the monoclinic 


system of crystal symmetry and are pseudocubic in 


habit. However, crystals are very rare and the mineral 
usually occurs as masses with irregular shape. Cryolite 
is a very soft mineral, registering just 2% on the Mohs 
Scale of hardness. Unlike most minerals, cryolite does 


not display cleavage, only an uneven fracture. 


A Cryolite from pegmatite rocks at Ivigtut (Greenland). 
The associated mineral is sphalerite (a sulphide of zinc 


and iron). 


> A specimen of white to yellowish cryolite, a mineral 


that originates in pegmatites (Ivigtut, Greenland). 
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the distinctive greasy sheen 
(lustre). This specimen comes from the classic location 
(type locality) of cryolite at Ivigtut (Greenland). 


E 1 Tithe aise 
\RACTERISTICS Bn 
Cryolite is a member of the halide group of 
minerals. Each molecule is composed of three atoms 
of sodium, one atom of aluminium and six atoms 
of fluorine. 

Crystals of cryolite conform to the monoclinic 
system of symmetry in which no crystallographic 
axis is the same length as any other. The crystals 
often resemble cubes or occur as short, prismatic 
shapes. Many share a crystal face or faces - the 
scientific term for this effect is twinning. However, 

|. crystals are very rare. The mineral more often occurs 
as granular and massive aggregates. 

Cryolite is soluble in sulphuric acid, and fuses 
easily in an open flame, which it colours yellow. 
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Rare mineral 


Refractive index 

Cryolite is almost invisible when immersed in water. 
This is because the two materials disperse and reflect 
the light passing through them in much the same 
way — in scientific terms, they are said to have a 
similar refractive index. 


Tests and treatment 

Cryolite melts (fuses) very easily in an open flame, 
which is coloured yellow by the presence of sodium. 
The mineral is soluble in sulphuric acid. 


CRYOLITE 


Group: Halides 


Crystal system: Monoclinic 


Chemical formula: NasAIF; 


Hardness: 27 


Density: 2.97 
Cleavage: None 


Fracture: Uneven 


Colour: White, colourless, brown, reddish, yellowish 
Streak: White 
Lustre: Vitreous or greasy 


Fluorescence: None 


Cryolite occurs in igneous rocks - especially 
pegmatites - through the precipitation of fluoride- 
rich solutions. It is found in association with fluorite 
(calcium fluoride), galena (lead sulphide), quartz 
(silicon dioxide), siderite (iron carbonate) and 
sphalerite (zinc and iron sulphide). 

Cryolite is found in the following locations 
worldwide: Francon Quarry, Montreal (Canada); Ivigtut 
(Greenland); Nigeria; Miask in the Ural Mountains 
(Russia); Spain; and Pikes Peak, Colorado (USA). 


Surface impurities may be removed by wiping 
the cryolite with distilled water — ordinary tap water 
should not be used because it contains impurities 
which may damage the specimen. 


«4 White cryolite in association with a brownish mass 
of siderite (Ivigtut, Greenland). 


v Rare crystals of cryolite, which often occur as 
pseudocubes or prisms. 


ORIGINS and DISTRIBUTION ££ ; 


Epsomite is a widespread 

sulphate with a great 

range of uses in industry 
and pharmaceuticals. 


psomite is generally white or 

colourless, but the presence of 

various impurities may cause it to 
be greenish or pinkish. It is named after 
its classic source (type locality) at Epsom, 
Surrey (England). 

Epsomite is a hydrated sulphate of 

magnesium. Although originally observed as early 
as 1695, it was not until 1806 that it was named as 
a distinct mineral. 


Industrial uses 
Epsomite is an important mineral with a range of 
practical applications. In industry, it is commonly 
made into a thin, gelatinous mixture that is used 
to seal cotton and silk and make them fireproof 
and waterproof — the technical term for this form 
of treatment is sizing. Epsomite is also used in 
sizing paper. 

Small amounts of epsomite may be placed 
in granulated sugar to prevent it from forming 
lumps. The mineral is also used as a colour fixative 


A This typical specimen of epsomite has formed 
in a crust on the surface of an abandoned mine 
shaft (Yorkshire, England). 


Epsomite is a member of the sulphate group of 
minerals. Each molecule is composed of one atom of 
magnesium, one atom of sulphur and four atoms of 
oxygen, together with seven attached molecules of 
water of crystallisation. 

Crystals of epsomite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal but are all at 
right angles to each other. However, crystals are very 
rare - the mineral more often takes the form of 
massive (shapeless) specimens, crusts or stalactites. 

Epsomite weighs 1.68 times more than the 
equivalent volume of water at room temperature. It 
registers 2-27 on the Mohs Scale of hardness. 


4 An encrustation 
of various minerals 
on the wall of an 
abandoned mine. 
Epsomite is present, 
together with 
green-coloured 
copper compounds. 
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Industrial mineral 


(mordant) in the tanning of hides and the dyeing 
of cloth. 


ORIGINS and DISTRIBUTION £* 


Epsomite usually Occurs in the form of encrustations 
on the walls of limestone caverns or in mine 
workings where magnesium-rich rocks have become 
exposed to the atmosphere. It is also found in 
deserts and other arid zones, where it occurs in the 
oxidised parts of pyrite deposits. Epsomite from the 
type locality in Surrey (England) has been deposited 
by the action of hot (thermal) waters on pre-existent 
minerals and rocks. 

The largest crystals of epsomite - measuring as 
much as 3m long - are found in the USA, notably 
around the salt lakes of the Kruger Mountains 
(Washington) and at Carlsbad (New Mexico). _ 
Elsewhere, epsomite may be seen in the following 
locations worldwide: the Atacama Desert (Chile); 
County Durham and Yorkshire (England); the Isle of 
Elba, Mount Vesuvius and Lake Como (Italy); Tunisia; 
and Arizona (USA). 


Epsom salts 
In its purified form, epsomite is known as Epsom 
salts, a widely used medical laxative. Epsomite is also 


an important pharmaceutical material in veterinary 
medicine, particularly in the treatment of local 
inflammations and infected wounds. 


Tests and treatment 
Epsomite dissolves easily (is highly soluble) in water. 
When heated, it loses its water of crystallisation, 
which may be seen forming as droplets on the inside 
of a test tube. 

Specimens of this mineral should be stored in a 
sealed container. This is because, on exposure to the 


atmosphere, they lose their water and turn to powder. 
Any unwanted impurities on the surface of epsomite 

may be removed by rubbing the mineral with a cloth 

dipped in a weak solution of alcohol. 


EPSOMITE 


Group: Sulphates 


Crystal system: Orthorhombic 
Chemical formula: MgSO,.7H,0 
| Hardness: 2-2/ 

Density: 1.68 

| Cleavage: Perfect 


Fracture: Conchoidal 


Colour: White, colourless, greenish, pinkish 
Streak: White 
Lustre: Vitreous to earthy 


Fluorescence: None 


4 A Epsomite often occurs on the walls of limestone caves. 


v The brownish coating of limonite (hydrated iron oxide) inside 
these old mine workings contains epsomite. 
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On the mineral 
trail: Benelux 


Since 1960, the 
economic union of 
Belgium, Luxembourg 
and the Netherlands 
into Benelux has 
transformed three 
small north European 
states into one of the 
world's major 
commercial powers. 
Although the 
combined territories 
occupy an area of 
only 67,340 sq. km, 
they contain a wealth 
of natural resources, 
especially iron ore, 

oil and natural gas. 


owhere in Belgium, Luxembourg or 
| \ | the Netherlands is higher than 400m 
above sea level and the three states are 
sometimes known collectively as the Low 
Countries. They are bordered by Germany in 
the east, by France in the south and by the 
North Sea in the west and north. 


The lie of the land 

The highest point in Benelux is in the 
Ardennes, a range of hills in southeast 

Belgium. The other main upland areas are 

in Luxembourg, the southern part of which 

is a continuation of the Lorraine plateau of 
northern France, while the north is traversed by 
an extension of the foothills of the Ardennes. 


TN 
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A Dutch polders. Originally under water, this land has been 
reclaimed from the sea by first constructing a wall and then 
draining the land for use in farming. It can be seen that the sea 
in the background is much higher than the land. 


Benelux 


On the mineral tra 


Dutch polders 

The rest of all three Benelux countries is flat. Flanders 
— the great coastal plain of Belgium with a 66km 
coast along the North Sea — and nearly all the 
Netherlands have few elevated surface features. 

More than half of the Netherlands lies below sea 
level. Much of this land has been gradually drained 
and turned into farmland since the early 13th 
century. The reclaimed areas — which are often 
extremely fertile — are known as polders. 


Iron and steel 

Benelux has significant quantities of iron ore. These 
are concentrated in Luxembourg, where iron ore was 
first discovered around 1850. This gave rise to a 
thriving iron and steel industry, and in 2008 steel 
exports made up one quarter of Luxembourg’s 
export trade. 


Cil and gas 

Oil was discovered in 1963 at Schoonebeek and in 
the area between Rotterdam and The Hague in the 
Netherlands. Oil is now a major industry in the 
Netherlands and production in 2008 was 72,000 
barrels a day. 

Natural gas was found near Groningen in 1959. 
Dutch reserves are estimated at 1.8 trillion cubic 
metres, making them the world's third largest deposit 
after those in the USA and Algeria. Production in 
2007 was more than 70 billion cubic metres. 


GROUNDWORK 


A An oil well near Schoonebeek. The setting up 
of the Benelux economic union coincided with the 
discovery of rich reserves of oil and natural gas in 


4 Limestone outcrops along the banks of the River 
Meuse in southern Belgium. 


In Belgium, coal remains an important natural 
resource despite a significant decline in annual 
production in recent years. The most intensive 
mining occurs around Charleroi, Liége and Mons, 
but Flanders provides the highest quality coal. 

Belgium has a thriving cement industry which is 
served by limestone quarries in the valley of the River 
Meuse. Among the valuable minerals extracted with 
the limestone are galena and sphalerite. 


Diamond cutting 

Benelux's most important mineral-related service 
industry is diamond cutting. Work is concentrated 
particularly in Antwerp, which handles about 60 per 
cent of all the world's rough diamonds. 


The relative ages 
of rocks 


Geologists can work out the relative ages of rocks by using various principles. 
Sedimentary rocks, for example, are deposited in layers (strata), with older 
ones lying beneath younger layers. This is the principle of superposition. 
Fossils can be used to date strata relative to each other. 


ome parts of the Earth's surface obey the law 

of superposition but many others do not. Or 

at least, they do not appear to: although all 
sedimentary rocks do in fact form from the bottom 
upwards — the oldest first, the youngest last and at 
the top — subsequent geological activity may 
complicate the overall picture. 

One of the most important such changes 

that the Earth' s crust may undergo is recumbent 
folding. This phenomenon causes the oldest rocks 
to become overfolded so that they lie on top of the 
youngest layers, leaving the most recent rocks 
underneath deposits that were formed millions of 
years before them. 


> The rocks in this cliff face are in the order 
in which they were originally formed - the 
oldest rocks are at the bottom, the most 
recent are at the top. 
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<A dark basaltic dyke 
cutting through marble 
on the Isle of lona 
(Scotland). Any dyke is 
younger than the country 
rocks through which it 
cuts and into which it has 
been intruded. 


4p 712 DISCOVERY! 


Cross-cutting 

The build up of rocks in chronological order may 

also be affected by cross-cutting, which is caused 3 
when igneous rocks become intruded into pre- LET 
existent sedimentary deposits. Scientists know 

that any such intrusion must be younger than the 

surrounding country (host) rocks because the former 

alters the latter around the edges, while remaining 

largely unaltered itself. 


Fossil evidence 

Fossils also help to determine the relative ages of 
rocks. If a rock contains the fossilised remains of 
animals that lived during the Jurassic Period, for 
example, it must be older than any neighbouring 
rocks containing fossils of the Cretaceous Period. 
This must be true regardless of where the rocks are 
now in relation to each other. 

The study of different rock layers to determine 
the order in which they were formed is known as 
stratigraphy. The exact age of rocks may be 
calculated only by radiometric dating, a science 
which was developed in the late 20th century. 


A Ammonite fossils like this help scientists to place 
rocks in their correct chronological order. 


v The cliffs at Crackington Haven, Cornwall (England), 
which have not been folded and so obey the law of 
superposition - the lower the rock, the older it is. 
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4 Radiometric dating has shown that the rocks beneath 
the diagonal line of this unconformity in Sutherland 
(Scotland) are 500 million years older than those above it. 
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DISCOVERY 


Colour index 


Igneous rocks can be categorised by geologists according to the 
concentration of dark coloured minerals they contain. This system - known 
as the colour index - gives each igneous rock a score of between 0 and 100: 

the higher the score, the darker the rock. 


Ithough the colour of an igneous rock may 
be roughly determined simply by observation, 
accurate measurement of the exact shade of a 


given specimen can be obtained only by examining it 
in thin section under a high-powered microscope. 


Felsic minerals 

Light coloured igneous rocks — those with a score of 
between 0 and 50 on the colour index scale — are 
composed mainly of feldspars, feldspathoids and 
quartz: these are known collectively as felsic minerals. 


Mafic minerals 

Dark coloured minerals in igneous rocks are rich in 
iron and magnesium: together, these are known as 
ferromagnesian or mafic minerals. Among the most 
abundant mafic minerals in igneous rocks are 
amphibole, pyroxene, biotite, garnet, magnetite, 
olivine and tourmaline. Some of these rocks may also 
contain sulphides and calcium-bearing minerals in 
fairly large quantities. 


A Peridotite is a very dark, hypermelanic rock 
that consists almost entirely of ferromagnesian 
minerals. The red areas of this specimen are 
composed of garnets. 


< Amygdaloidal basalt 

is a dark, melanocratic 
rock that contains 

large amounts of 
ferromagnesian material 
in the form of olivine and 
pyroxene. The white 
minerals are zeolites 
filling vesicles and do not 
form part of the rock's 
essential make-up. 
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Colour index 


In addition to being darker in colour than 
felsic minerals, mafic minerals tend to be heavier. 
Thus, in general, the higher an igneous rock's score 
on the colour index, the higher its density, and this 
correspondence provides geologists with important 
clues to the chemical composition of the rock 
under examination. 


Four main types 

Within the colour index, there are four main 
subdivisions, as follows. Rocks with a score of between 
0 and 30 are very light in colour; these are described as 
leucocratic, from the Greek /eukos, meaning ‘white’. 
White granite is one of the most widespread and 


<4 Mesocratic syenite, 
which is coloured 

by feldspars and 
ferromagnesian 
minerals such as 
amphibole and biotite. 


Y Leucocratic granite 
from Norway. This rock is 
rich in pale pink feldspars 
and white quartz. 


< Melanocratic dolerite, which is dark because of 
the presence of pyroxenes, especially augite. The 
pale areas are plagioclase. 


important examples of this type of igneous rock. Rocks 
scoring between about 30 and 60 on the colour index 
are said to be mesotypes, from the Greek misos, 
meaning ‘middle’. The best-known examples of 

this type are syenite and monzonite. 


Melanocratic rocks 

Igneous rocks such as dolerite have a colour 

index rating of between about 60 and 90. These 

are said to be melanocratic, a term derived from the 
Greek melas, meaning ‘black’. The darkest igneous 
rocks score 90-100 on the colour index and are 
described as hypermelanic. They tend to be ultrabasic 
rocks such as peridotite. 
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Spodumene is the most 

important ore of lithium, 

and some varieties are 
used as minor gemstones. 


podumene may be colourless, green, grey, 

lilac, pink or white. Lilac and green transparent 

specimens are sometimes used as gemstones, 
although they are quite brittle and so usually quite 
difficult to cut. 


The name 

The name spodumene derives from the Greek 
spodoumenos, meaning ‘reduced to ashes’: this is a 
reference to what happens when the mineral is heated 
under a blowpipe flame. 


CHARACTERISTICS 


Spodumene is a member of the silicate group of 
minerals. Each molecule is made up of lithium, 
aluminium, silicon and oxygen. 

Crystals of spodumene conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. They are usually 
prismatic and often have grooves (striations) along 
their surfaces. Evidence of corrosion is commonly 
visible, and many crystals share faces in the 
phenomenon known as twinning. Non-crystalline 
(massive) specimens also occur. 
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A Spodumene from Revensthore (Australia). 


Most spodumene is white or colourless: the green 
and lilac varieties are known as hiddenite and kunzite 
respectively. Hiddenite owes its coloration to the 
presence of chromium; while the colour of kunzite is 
due to tiny particles of manganese. 


A Spodumene with attached red crystals of spessartine from Haramosh Valley (Pakistan). 
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Remarkable specimens 

Individual crystals of spodumene may grow to 
enormous size. One of the largest was found in the 
Etta Mine in South Dakota (USA): it was 14m long, 
80cm wide and 80cm high, and weighed 28 tonnes. 
The heaviest recorded spodumene crystal weighed 
almost 90 tonnes. 


The cut 

When spodumene crystals are subjected to pressure, 
they break up cleanly and easily along their weakest 
structural planes. (The scientific term for this effect 
is perfect cleavage.) This means that specimens are 
difficult to shape. When gem varieties of spodumene 
are faceted, the preferred angle is 40? along both the 
crown and pavilion surfaces. 


Uses of lithium 

Along with lepidolite and petalite, spodumene is one 

of the main industrial sources of lithium. This is a 

soft, silvery metallic element which is widely used to 

make alloys with aluminium and magnesium. 
Spodumene is also a source of lithium salts. 

One of these, lithium carbonate, is used in 

psychiatric medicine to treat manic depression 


SPODUMENE 


Group: Silicates 
Crystal system: Monoclinic 


Chemical formula: LiAISi;0; 
Hardness: 6/—7/ 

Density: 3.0-3.2 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Colourless, green, grey, lilac, pink, white 
Streak: White 
Lustre: Vitreous 


Fluorescence: Usually none 


formed through igneous activity deep beneath the 
surface of the Earth (igneous rocks). It is particularly 
likely to form in lithium-bearing granite pegmatites, 
where it is found in association with beryl, lepidolite 
and tourmaline. 

Spodumene is found in many locations including: 
Afghanistan; Minas Gerais (Brazil): Manitoba(Canada); 
Isle of Elba (Italy); Madagascar; Mexico; Myanmar 
(Burma); the Ural Mountains (Russia); Scotland; and 
Sweden. In the USA, there are spodumene mines in 
California, North Carolina and South Dakota. 


(bipolar disorder); another, lithium hydroxide, is used 
in storage batteries. 


Tests and reatment 
Spodumene is insoluble in acids. It fuses (melts) easily 
in an open flame, colouring the flame red because of 
its lithium content. 

Impurities on the surface of spodumene may be 
removed with dilute acid. 


4 Green hiddenite 
from Pakistan. 


v Pink kunzite cut 
in a rectangle with 
bevelled edges. 


v Spodumene from 
Madagascar showing 
signs of corrosion. 


Æ Arkose is a 

M widespread 
sedimentary 
rock derived from 
pre-existent igneous and 
metamorphic rocks. 


"n 


rkose is a sandstone 

consisting of grains of 

feldspar and quartz 
cemented together by a mixture of 
quartz and clay minerals. Its colour 
is variable, but it is typically red, 
pink or grey. 

Arkose is found in large deposits 

throughout all geological periods. It 
is a coarse-grained sandstone with 


particles typically measuring as A A close-up of arkose showing grey quartz grains and pink orthoclase 
much as 2mm in diameter. feldspar. Arkose is a sandstone containing a high percentage of feldspar. 


Sedimentary deposit 

Arkose forms through the disintegration of granite 
and granite gneisses. Once these crystalline rocks have 
been broken down by weathering and erosional forces 
(flowing water, for example), they are transported 
over fairly short distances and redeposited as 
sedimentary strata in lakes (lacustrine deposits), rivers 


FACT FILE 


ARKOSE 


Type: Clastic sedimentary rock 


Chemical composition: Mainly feldspar and quartz 


Essential components: Biotite, muscovite, iron oxides 


Colour: Red, pink, grey 


Texture: Equigranular 
Structure: Often cross bedded 
Grain size: Medium 

Density: 2.6-2.7 


4 These strata of 
Precambrian age are on 

the coast of northwest 
Scotland. They consist of 
arkose interbedded with | 
conglomerate. 
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(fluvial deposits) or in shallow seas (marine deposits). 
It is important that the deposition takes place rapidly, 
in order that the feldspar content does not suffer 
unduly from chemical weathering and decomposition. 


Granitic appearance 

Arkose has a close superficial resemblance to granite. 
Careful examination, however, will reveal that arkose 
has a more fragmented appearance than granite, which 
has a tightly interlocking crystalline texture. 


Mineralogy 
Arkose may contain a wide range of minerals, but is 
composed primarily of quartz and feldspar grains 
together with small amounts of mica. These grains are 
loosely cemented together with iron oxides or silica. 
Arkoses are distinguished from other quartz-bearing 
sandstone rocks by their higher feldspar content, which 
is typically over 25 per cent of the component grains. 
Similar rocks with between 5 per cent and 25 per cent 
feldspar are known as sub-arkoses. 


A These reddish arkose 
strata dip towards 

the left of the picture. 
The high percentage of 
feldspar in the rock 
suggests rapid 
deposition, as feldspar 
weathers readily 

to clay. 


> A small freshly 
broken specimen of 
arkose showing pink 
orthoclase feldspar 
and vitreous quartz 
fragments. 


Arkose is led by the erosion and weathering of 
granitic and metamorphic rocks. Rapid deposition 
ensures the presence of easily weathered feldspar, a 
mineral chemically altered by slightly acidic water. 

The following are among the world’s most 
important arkose locations: Bohemia (Czech 
Republic); the Pennines (England); the Vosges 
Mountains (France); the Black Forest (Germany); 
Torridon (Scotland); and the Pacific Coastal Range, 
California (USA). 


Arkose always contains more than 25 per cent 
feldspar and may contain up to 50 per cent of 
this mineral group. The remainder of the rock is 
often made up of quartz (silicon dioxide), together 
with biotite and muscovite (complex silicates of 
aluminium and potassium). The component grains of 
arkose are cemented together by a range of minerals, 
notably quartz, clays and various iron oxides. 
Although the bedding planes of arkose frequently 
exhibit ripple marks and other evidence of water 
movement, this rock is unusual for a sedimentary 
rock in that it contains virtually no fossils. 


Building stone 

In areas such as the Vosges Mountains in France, 
where it is found in abundance, arkose is widely used 
as a building stone. However, rocks of this type are 
commercially valuable only if they are used close to 
the locations in which they occur: they are not worth 
transporting great distances. 
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Enargite occurs in mineral 
veins and is a minor ore of 
arsenic and copper. 


nargite is black or dark grey. Its name is derived 
from the Greek enargis, meaning ‘distinct’ — this 
is a reference to its perfect cleavage. 


Dimorphous mineral 
In chemical terms, enargite is a sulphide of copper and 


bi 
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arsenic. It may also contain appreciable amounts of 


iron and sometimes traces of zinc. 


Enargite is closely related to luzonite. The two 
minerals have exactly the same chemical formula and, 
in scientific terms, are said to be dimorphous. 
However, crystals of enargite conform to the 


orthorhombic system of symmetry, 
whereas those of luzonite are in the 
tetragonal system. 


Type locality 

Enargite was first confirmed as a 
mineral in 1850; luzonite was not 
recognised as a mineral in its own 
right until 1874. The classic source 
(type locality) of enargite is the 

San Francisco ore vein at Morococha, 


Jauli (Peru). 


ENARGITE 


Group: Sulphides 
Crystal system: Orthorhombic 


Chemical formula: Cu;AsS, 


Hardness: 3 
Density: 4.45 
Cleavage: Perfect 


Fracture: Uneven 


Colour: Black, dark grey 


Streak: Black, dark grey 
Lustre: Metallic 


Fluorescence: None 


A Enargite in association with green olivenite (hydrous 
copper arsenate) and grey quartz (silicon dioxide). This 
specimen was found near Redruth, Cornwall (England). 


Enargite is a member of the 


sulphide group of minerals. Each 
| molecule is composed of three 
. atoms of copper, one atom of 
. arsenic and four atoms of sulphur. 
Crystals of enargite conform 
to the orthorhombic system of 
symmetry, in which the three 
crystallographic axes are unequal 
in length but are all at right angles 
to each other. The crystals often 
occur in prismatic or tabular 
| shapes, many of which are 
| grooved (striated). Many share 
-a face with a neighbour - the 
scientific term for this is twinning. 
Massive (shapeless) and granular 
specimens are also common. 
Enargite is a fairly soft mineral, 
registering just 3 on the Mohs 
Scale of hardness. It weighs about 
four and a half times more than 
the equivalent volume of water at 
room temperature. 


4 An aggregate of enargite crystals in 
the Natural History Museum, London 
(England) showing surface striations 
and metallic sheen (lustre). 
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Industrial uses 

Enargite is a minor ore of arsenic and copper. 
Arsenic — the main sources of which are orpiment 
and realgar — is used in semiconductors, insecticides 
and as a hardener in lead-based alloys. 

Copper is an excellent conductor of electricity 
and heat. It is an essential component of electrical 
wiring and is also used in alloys. The main mineral 
sources of copper are azurite, chalcopyrite, cuprite 
and malachite. 


Tests and treatment 
Enargite is readily soluble in nitric acid, leaving 
behind flakes of sulphur in solution. 

When the mineral is heated, the arsenic it 
contains gives off a smell reminiscent of garlic. 
Enargite melts (fuses) easily in an open flame. 

Any black surface coating may be the product of 
oxidation and is not removable. 


ar 
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a Enargite from Peru. 
The associated golden 
mineral is pyrite (iron 

sulphide). 


> A mass of enargite 
crystals from Redruth, 
Cornwall (England). The 
strong metallic sheen 
(lustre) is typical of 
this mineral. 
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Enargite is formed when hot fluids circulating in 
the Earth's crust move up towards the surface, 
cool, and become precipitated in low-temperature 
hydrothermal veins. 

Among the numerous minerals with which 
enargite may be associated are bornite and 
chalcopyrite (sulphides of copper and iron), galena 
(lead sulphide), pyrite (iron sulphide) and sphalerite 
(a sulphide of zinc and iron). 

Enargite is found in many parts of the world, 
including the following locations: Argentina; Austria; 
Bolivia; Chile; Cornwall (England); Baden (Germany); 
Hungary; Mexico; Tsumeb (Namibia); Peru; the 
Philippines; Sardinia; Bor (Serbia); and Taiwan. In the 
USA enargite is found in Alaska, Arizona, Arkansas, 
California, Colorado, Montana and Utah. 


A Enargite from the type locality of the mineral 
(Jauli, Peru). 


Tephrite is a basic igneous rock 
that contains a feldspathoid 
EN mineral such as 
nepheline or leucite. 


ephrite is widely distributed 

but seldom occurs in large 

quantities. It is usually a fairly 
dark grey in colour and derives its name 
from the Greek tephra, meaning ‘ashes’. 

Tephrite is formed from lava which has 

solidified after it has been thrown out of the 
Earth by volcanic activity: it is therefore 
classified as an extrusive igneous rock. 


Carbonate radicals 

The chemical composition of tephrite is largely 
determined by carbonate radicals (formula COs), 
which are assimilated into the parent magma. 


v The ancient Roman city of Pompeii, with the 
volcano of Mount Vesuvius, near Naples (Italy), in the 
background. In 79 AD the volcano erupted, burying the 
city and its inhabitants under three metres of volcanic 
ash. This area is now one of the world's most notable 
locations for tephrite. 
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TEPHRITE 


Type: Extrusive igneous rock 
Essential components: Plagioclase 
feldspars, pyroxenes, feldspathoids 
Secondary components: Biotite, 
hornblende, ilmenite 


Colour: Usually dark grey 

Texture: Can be porphyritic, vesicular 
or amygdaloidal 

Grain size : Fine 

Density: 2.8 
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A A specimen of 
tephrite showing 
the porphyritic 
texture. Tephrite 
usually contains 
much feldspar and 
up to 10 per cent 
feldspathoids. 
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Extrusive igneous rock 


Tephrite is a dark coloured, fine-grained basic 
igneous rock that is often vesicular and/or 
amygdaloidal. 

The essential components of tephrite are 
plagioclase feldspars (minerals of the albite- 
anorthite solid solution series), pyroxenes (a 
complex group of silicates) and a feldspathoid 
mineral such as leucite or nepheline. 

The main accessory minerals are hornblende (a 
complex silicate); biotite (a form of mica); ilmenite 
(iron titanium oxide); magnetite (iron oxide); hauyne 
(a member of the sodalite group) and sodalite (an 
aluminosilicate of sodium with one atom of chlorine). 
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Tephrite is an igneous rock that forms mainly in 
dykes and lava flows. It almost never occurs in 
mountain-building zones and is thus said to be 
non-orogenic. 

Tephrites may be subdivided according to their 
predominant mineral: 

Leucite tephrites (rocks with large quantities of 
potassium aluminium silicate) are found in the lavas 
of Mount Vesuvius, near Naples (Italy), and in Uganda. 

Nepheline tephrites (those rich in sodium 
potassium aluminium silicate) are common in 
Germany; while tephrite containing hauyne (a 
member of the sodalite group) is found at 
Potenza (Italy). 

Tephrite is common in the Azores (Portugal) and 

~ the Canary Islands (Spain). 


4 Specimens of volcanic pumice. Although pumice 
resembles tephrite in its grey colour and vesicular texture, 
tephrite is almost three times denser than pumice. 


A Bisentina Island on Lake Bolsena (Italy), 
which is composed mainly of tephrite. 


(Magma is the name given to molten 
igneous material before it flows out onto 
the surface of the Earth.) 

It is the minerals formed by this process 
which distinguish tephrite from other closely related 
igneous rocks. 


Pumice-like appearance 

The surface of some tephrites may feature small, 
rounded cavities (vesicles): these are where bubbles of 
gas were in the original lava. Tephrite with a large 
number of vesicles may resemble pumice; unlike 
pumice, however, tephrite does not float on water. 


Filled cavities 

In some specimens, these cavities have been filled with 
minerals, notably analcime (hydrated sodium aluminium 
silicate) and other members of the zeolite group. 


4 A specimen of tephrite, which is frequently 
porphyritic. This example has large crystals of 
feldspar set into the fine-grained groundmass. 
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j ambia, one of the world's leading copper 
producers, is slightly larger than the US state of 
Texas. Among its most famous natural features 

are the Victoria Falls (up to 108m high and 1400m 

across at their widest point) on the Zambezi River, 

and the Kalumbo Falls (245m high) on the border 


with Tanzania. 


» Zambia has a wealth of wildlife which the country 
is determined to preserve, and safari tourism is a 
significant source of income. Here three giraffes 
browse in a Zambian nature reserve. 


Zambia 


On the mineral tra 


The lie of the land 

The greater part of Zambia is situated on a plateau. 
A central ridge of high ground bisects the country 
from north to south and rises to about 1350m above 
sea level. In the northeast, another ridge rises steeply 
towards Tanzania. This upland area includes the 
Muchinga Mountains, which extend for 320km and 
rise to 1840m. 


Highest point 

To the west of the central ridge, the plateau is mainly 
flat, but elevations drop towards the southwest to 
about 1 100m. The highest point in the country 
(2171m) is located on the Nyika Plateau near the 
border with Malawi. 

Zambia also contains one of the world's largest 
artificial lakes, Lake Kariba. This was formed by the 
construction of the 282km long Kariba Dam across 
the Zambezi River and is the country's principal source 
of hydroelectric power. 

The country has abundant natural resources. 

It has large reserves of copper-cobalt ore, plus gold, 
nickel, lead, zinc, iron and manganese. 


Copper and cobalt 
Zambia is a major producer of both copper and cobalt. 
It is the world's ninth largest producer of copper, in 
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A The spectacular Victoria Falls - which are known 
locally as 'the smoke that thunders' - on the Zambezi 
River, which marks the boundary between Zambia 
and Zimbabwe. 


2009 producing more than 675,000 tonnes of 
finished copper. Zambian copper/cobalt reserves 
are estimated at two billion tonnes. Copper is used 
extensively in the manufacture of the alloys brass and 
bronze, in electrical wiring, in the chemical industry 
and in medicine. Zambia is also the world's second 
largest producer of the metal cobalt, producing 5879 
tonnes in 2009. 

Associated with copper is malachite, a copper 
cabonate often used in jewellery and other forms of 
ornamentation. 


The Copperbelt 

Zambias copper mines are located mainly near the 
border with the Democratic Republic of the Congo in 
an area known as the Copperbelt. Important mining 
centres in this region include Chingola, Kitwe, 
Luanshya, Mufulira and Ndola. 

In 1997, Zambias copper industry was privatised 
in an effort to revitalise the industry after many years 
of government control. As a result, copper output 
doubled over the following 10 years. 


e Changes in sea level 


Geologists have uncovered a wealth of evidence to show that the present height 
of the sea in relation to the land is in no way permanent - 
their relative positions have changed many times throughout geological time. 


he level of the sea has risen and fallen by many 

metres in the recent geological past. Indeed, it 

is still changing today, in some parts of the 
world quite drastically. 

Many low-lying coastal areas of the British Isles, for 
example, are being eaten away by the erosional forces 
of the sea and may be completely inundated in the 
near future. Spurn Head at the mouth of the River 
Humber is one of the locations particularly at risk. 

Changes of this kind may be accelerated by gradual 
rises in sea level caused by partial melting of the polar 
ice caps through global warming. Striking changes in 
the relative positions of land and sea may also be 
caused by movements of the Earth. 

One sign of a change in sea level is a raised beach — 
a deposit of pebbles, sand and shells which were once 
adjacent to the sea but are now well above sea level. 

In parts of Scotland, for example, there are two or 
more raised beaches at different levels: this indicates 
that the relative positions of land and sea have 
changed repeatedly over millions of years. 


A floating crust 

The reasons for these changes are still not fully 
understood. However, it is known that Scotland was 
submerged beneath a great sheet of ice during the last 
Ice Age, and the weight of this material may have 
caused the land beneath to become depressed. There 
is, in addition, evidence that the Earth's crust can be 


4 Originally formed 
on the sea bed, this 
limestone at Malham, 
Yorkshire (England) is 
now a limestone 
pavement about 300m 
above sea level. 


v This limestone formed 
originally in a shallow 
tropical sea about 400 
million years ago during 
the Silurian Period. It is 
now found tens of metres 
above sea level in the hills 
of Shropshire (England). 


seen as ‘floating’ on deeper layers underneath. When a 
weight such as an ice sheet is removed, the crust floats 
upwards to regain equilibrium. This phenomenon is 
known as isostasy. 

Further evidence of prehistoric Earth movements 
and consequent changes in the relative positions of 
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land and sea may be seen in the world's great 
mountain ranges. Although the Alps, the Himalayas 
and the Rockies are now well inland, they are all 
composed to some extent of sedimentary rocks. Most 
sedimentary rocks were originally formed on the ocean 
bed. Thus, sandstones, limestones and shales which are 
now found thousands of metres above sea level provide 


> A raised beach at 
Loch Broom (Scotland). 
This ancient shoreline, 
covered with recent 
layers of vegetation, is 
now well above the 
present sea level. 


v This clifftop surface 
was eroded by the sea 
thousands of years ago 
when the water was 
approximately 100m 
higher than it is today 
(Cornwall, England). 


DISGOVERYA 


4 These structures were formed in muddy sediment 
on the deep sea bed. They are now in the northern 
Pennines, Yorkshire (England). 


outstanding evidence that the level of the sea is no 
longer the same as it was in the geological past. 


Plate tectonics 

Extensive changes in the relative positions of 

the continents and the ocean surfaces are caused 
when parts of the Earth's land mass are pushed into 
others and thrust upwards, a process known as plate 
tectonics. In Britain, some of the most striking results 
of plate tectonics are the Pennines, a range of hills 
with exposed areas of limestone cliffs and pavements 
hundreds of metres above sea level. This limestone — 
which contains fossilised coral and shellfish — was 
formed in the sea 350 million years ago but has since 


been uplifted. 
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William Smith 


William Smith (1769-1839) was an English engineer and geologist. 

He is best known for his pioneering work in stratigraphy, the study of the order 
and relative positions of rocks to determine their geological history. 
Smith's greatest work is his geological map of England, which set the style for all 
subsequent maps of this type. 


was born in Churchill, Oxfordshire (England) but he kept working on his theories in his new role as 


T he son of a country blacksmith, William Smith In 1799, Smith was sacked from the canal project, 


on 23 March 1769. He had little formal an independent adviser on drainage and irrigation. 
education but became skilled in the theory and His consultancy was so successful that, in 1804, he was 
practice of land drainage, canal building, able to move the business to London, where 


mining and prospecting. 

After serving an apprenticeship 
under Edward Webb in Stow-on- 
the-Wold, Smith became a fully 
fledged surveyor. His practice 
took him into mines, where he 
began to examine rock strata 
beneath the Earth. 

In 1793, Smith began 
surveying the courses of 
various proposed new canals, 
and this gave him further 
insights into the geology of 
the English countryside. 


he displayed his geological maps and the 
magnificent collection of fossils he 
had gathered during his research. 


Working methods 
William Smith was a tireless 
researcher who built up a huge 
wealth of knowledge about 
the geology and groundwater 
of England as he covered up 
to 10,000 miles a year. 
He was always surveying, 
mapping and taking copious 


4 William Smith, who was one 
of the first people to draw 
geological maps of England. He 
also pioneered the use of fossils 
as a means of dating the rocks in 
which they occur. 


Somerset coal canal 
During Smith's preliminary 
surveys for the Somerset Coal 
Canal, he made an important 
discovery which was crucial to his 
subsequent lifes work — he noticed 
that the strata forming outcrops in the 
northern part of the region dipped 
regularly in a southeasterly direction, 
an effect he likened to 'slices of bread 
and butter’. In 1794, he journeyed 
northwards, where he gathered further 
data which confirmed his suspicion that 
the strata of Somerset extended right 
across much of the rest of England. 
When work began on the Somerset canal 
in 1795, the excavations revealed to 
Smith that each stratum contained 
‘fossils peculiar to itself’. 


> The Rotunda Museum, Scarborough, 
Yorkshire. William Smith gave lectures 
here with his nephew, John Phillips, who 
later became a professor of geology at 
the University of Oxford. 
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notes of what he saw in the field. In areas with few 
surface exposures, he would use soil and vegetation to 
help determine the nature of the underlying rock. 

In 1815, Smith published his greatest work, the 
world’s first authoritative geological map, under the 


title A Delineation of the Strata of England and Wales, 


A Exposed rock strata in Somerset (England). 
A lifetime's careful study of rocks enabled 
Smith to create the first reliable geological 
map of England, Wales and part of Scotland. 


> As he charted the rocks of Somerset and 
Yorkshire (England), William Smith became 
familiar with a wide range of fossilised 
molluscs such as these. His research showed 
that certain strata were characterised by 
similar kinds of fossil, and this enabled him to 
correlate rocks according to the fossilised 
organisms they contained. 


with Part of Scotland. He followed this between 1819 
and 1824 with maps of individual counties. 


Dire financial straits 
Sadly, William Smith paid more attention to the 
geology of England than to his own financial security. 
After the failure of a 
Somerset quarry in 
which he had an 
interest, he was forced 
to sell his fossils to pay 
his debts. Fortunately 
for subsequent 
generations, the 
collection was 
purchased by the British 
Museum in London, 
where it is still 
preserved. 

The lowest point in 
Smith's career came in 
1819, when he spent 


10 weeks in a debtor's prison. After that he left 
London and settled among a band of geological 
enthusiasts at Hackness, near Scarborough 
(Yorkshire). His work was at last beginning to gain 
recognition, however; in 1831, he became the first 
recipient of the British Geological Society s Wollaston 
Medal and in 1832 he was granted a pension of £100 
a year by the government of King William IV. 
William Smith died on 28 August 1839, a 
few days after catching a chill on his way from 
Scarborough to a scientific meeting in Birmingham. 
He is buried in St Peters Church, Northampton. 


4 Towards the end of his life, William Smith spent much 
time examining the stratification of oolitic limestones 
such as these near Pickering (Yorkshire). 
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Find out about kunzite, red 
sandstone and tremolite, 
and discover the secrets 
of volatiles in magma 


...and more! 


‘Rutile 


Rutile is the most abundant of 
the three naturally occurring 

forms of the chemical 
compound titanium oxide. 


utile is usually reddish brown 

but may also be yellowish, red 

or black. Its name comes 
from the Latin word rutilus, 
meaning ‘reddish’. 


Trimorphous mineral 

Anatase, brookite and rutile all 

have exactly the same chemical 

formula: in scientific terms, the three 

minerals are said to be trimorphous. 
One of the most important differences 

between the three minerals lies in their 

crystallography: crystals of anatase and rutile 

conform to the tetragonal system of symmetry, 


while those of brookite are in the orthorhombic 


A A growth of rutile on hematite. 


system. Rutile is slightly harder than anatase and 
has a higher density. 


Uses of titanium 

Rutile is an important source of titanium, a widely 
distributed silvery-grey metallic element which 
comprises about 0.44 per cent by weight of the 


ORIGINS and DISTRIBUTION 


—Rutile is found as an accessory mineral in rocks that 
formed originally through igneous activity deep 
beneath the surface of the Earth (igneous rocks). It 
is also found in rocks that have been altered by heat 
and pressure (metamorphic rocks), notably in gneiss 
and mica schist. It may also be a mineral of secondary 
origin, formed through the alteration of mica. 

The world's main rutile occurrences are found in 
the following locations: Graz (Austria); Minas Gerais 
(Brazil; Canada; France; Germany; Italy; Madagascar; 
Norway; Russia; Sweden; and St Gotthard 
(Switzerland). In the USA it is found in Arkansas, 
California and Georgia. 


4 Prismatic crystals of rutile on rock. 
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Industrial mineral 


FACT FILE 


RUTLE 


Group: Oxides 


Crystal system: Tetragonal 


Chemical formula: TiO; 
Hardness: 6-67 
Density: 4.23 
Cleavage: Distinct 


Fracture: Conchoidal to uneven 


Colour: Reddish brown, red, yellowish, black 


Streak: Brown 


Lustre: Metallic to adamantine 


Fluorescence: None 


Earth's crust. Titanium is highly resistant to corrosion 
and can be left for up to three years in sea water 
without showing any signs of rust. I his property - 
makes titanium a valuable component in strong, light 
alloys for aircraft and ships. 


Rutilated quartz 
Rutile often takes the form of needle-like crystalline 
inclusions in quartz. Quartz containing these 
inclusions is called rutilated quartz. When rutilation 
occurs, it may lend the host mineral a distinctive 
optical effect that resembles either the narrowed slit of 
a cat's eye (an effect known as chatoyancy) 
or a star shape (asterism). 


Gem-quality rutile 
The finest rutile crystals have a magnificent 
sparkle or ‘fire’ which is greater than that of 
diamond. Nevertheless, in most rutile 


Rutile is a member of the oxide group of minerals, 
each molecule being composed of one atom of the 
metallic element titanium and two atoms of the 
non-metal oxygen. 

Crystals of rutile conform to the tetragonal 
system of symmetry, in which the three 
crystallographic axes are all at right angles to each 
other but only two are equal in length. The crystals 
usually occur as prisms. Many share a crystal surface 
in the phenomenon known as twinning. Twinned 
crystals sometimes form a knee-shaped joint - this is 
termed geniculate twinning. 


specimens, this fire is hidden by the dark colour of 
the crystal. 

Gem-quality rutile is fashioned into a wide range 
of styles, notably the baguette and the mixed cut. 
When it is faceted, the preferred cutting angles are 
30°—40° along the crown and 37°—40° along the 
pavilion surface. 


Tests and treatment 

Rutile is infusible (when it is heated in a flame, it 

does not melt) and insoluble in acids. If there are 

iron stains on rutile crystals, these can be removed 
with oxalic acid. Hydrofluoric acid is effective 

in removing coatings of 

silicate material. 


A A specimen of rutilated 
quartz - needle-like 
(acicular) inclusions of 
rutile in a crystal of quartz 
(Minas Gerais, Brazil). 


4 Twinned rutile crystals 
forming a knee-shaped 
joint (geniculate twinning) 
from Minas Gerais (Brazil). 


Axinite is the name of a rare 
group of minerals that is much 
in demand with collectors. 


xinite is often reddish brown in colour, but 
may also be honey-yellow, plum-purple, blue, 


grey, violet or colourless. It was identified as a 
mineral in its own right in 1799 by René-Just Haüy 
(1743-1822), the pioneer French mineralogist. 

Axinite gets its name from the shape of its 
crystals, which often resemble tiny axes or hatchets. 
Although the mineral is rare and beautiful, its 
crystals are small and usually weigh less than five 
carats, and so it is difficult to cut them without 
damaging the surface. Consequently, they are not 
often used as decorative jewellery. 


A A single isolated axinite crystal showing the typical 
axe shape (Bourg d'Oisans, Isère, France). 


AXINITE 


Group: Silicates 


Crystal system: Triclinic 


Chemical formula: (Ca,Mn,Fe)3Al,BSi,0,;(0H) 


Hardness: 6-7 


Density: 3.3-3.4 


Cleavage: Distinct 


Fracture: Conchoidal 


Colour: Brown, yellow, grey, blue, violet 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


< Hatchet-shaped, flattened crystals of axinite from 
one of the world's main locations at Bourg d'Oisans, 
Isére (France). 
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BÀ Axinite group -— MEME ORIGINS and DISTRIBUTION C 
© Axinite is the name given to a group of minerals that 
c have the same structure but different chemistry. Axinite is found in rocks that bear various calcium- E) 
js One axinite group mineral is called tinzenite: this based minerals, including calcite. 
E is a yellow form of axinite that contains manganese, Axinite is never plentiful. Chief among the few 
(eD) iron and up to 1.5 per cent calcium. major occurrences are those at Bourg d'Oisans, Isère 
= Ferroaxinite, another mineral in the group, (France), in Baja California (Mexico) and in Coarse 
tx has more iron than manganese, and more than Gold, California and Franklin, New Jersey (USA). In 
1.5 per cent calcium. A third axinite mineral is the British Isles, axinite has been found in parts 
manganaxinite. This may be blue, grey or violet, and of Cornwall. 
contains more manganese than iron, together with Tinzenite has been found in Grisons (Switzerland), 
more than 1.5 per cent calcium. while very rare blue axinite occurs in small 
quantities in Tanzania. 
Tests Axinite is also found in Brazil, Finland, Germany, 
Axinite melts (fuses) easily when it is heated in an Italy, Japan, Norway, Russia and Tasmania. 
open flame, colouring the edges of the flame pale 
green. When a cold specimen of axinite comes into 
contact with acid there is no reaction, but if the CHARACTERISTICS 
axinite is heated before contact, it becomes soluble irá 
in the acid and turns to gel (gelatinises). Axinite minerals are members of the silicate group 
| Axinite becomes electrically charged if it is of minerals. They contain boron, and so are strictly 
| subjected to changes in temperature, and thus it is classified as a borosilicates of aluminium, calcium, | 
| described as a pyro-electric mineral. iron, magnesium and manganese. | 
| Axinite can show different colours, depending on Axinite crystals are transparent or translucent | 
| the angle from which it is viewed — the scientific term and are often a flattened wedge or axe shape. They | 
| for this phenomenon is pleochroism, and axinite is conform to the triclinic system of crystal symmetry. | 
| said to be strongly pleochroic. (For a detailed Axinite is a hard mineral, registering 64to 7 on | 
| explanation of pleochroism, see Discovery 59.) the Mohs Scale of hardness. | N 
| i 
| 


A Four axinite gemstones fashioned in the round 
cut style. 


4 Axinite from Bourg d'Oisans, Isère (France). 
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Basanite 


Basanite is closely related to 
tephrite, and the two rocks 
have a very similar composition. 


31201 snoaub! aAIsnaaxa — 


asanite is usually a fairly dark grey colour. It was 

used in ancient times to test the purity of gold 

and other precious metals; its name is derived 
from the Greek basanos, meaning ‘touchstone’. 

Basanite is formed from lava which has solidified 

after it has been thrown out onto the surface of the 
Earth by volcanic activity: it is therefore classified as an 
extrusive igneous rock. It is widely distributed in many 
parts of the world. 


Similarity to tephrite 

In both appearance and composition, basanite is very 
similar to tephrite. The two rocks are often closely 
associated in the Earth; they blend into each other and 
may be virtually impossible to distinguish with the 
naked eye. 


Defining difference 
The key difference between them is olivine: this group 
of magnesium and iron silicates is an essential 


> A Some of the vesicles 
on the surface of this 
basanite have been filled 
with white analcime. 


FACT FILE 
BASANITE 


Type: Extrusive igneous rock 


Essential components: Plagioclase feldspars, olivine, augite 


Secondary components: Biotite, hornblende, ilmenite 


Colour: Grey 


Texture: Porphyritic, vesicular 


Grain size: Fine 
Density: 2.8 


> Basanite terrain in the 
Azores (Portugal. 


MINERALS PLUS 


mineralogical component of all basanite, but is never 
found in tephrite. However, olivine is seldom readily 


—-Basanite originates as molten lava which is emitted 
from the Earth during volcanic eruptions: it is thus 
classified as an extrusive igneous rock. 

The most extensive basanites are associated with 
zones of the Earth's crust that are being stretched to 
the point of separation; other eruptions may occur 
around the intersections between tectonic plates. 

Basanites are nearly always found in association 
with tephrite, and the two closely related rocks 
grade into each other. 

Some of the finest basanites may be seen on 
islands in the mid-Atlantic Ocean. Elsewhere, 
basanite is abundant in the following areas: New 
South Wales and Tasmania (Australia); Eifel (Germany); 
Rome and Mount Vesuvius (Italy); Dunedin (New 
Zealand); the Sahara Desert; Spain; Uganda; and San 
Carlos, Arizona and Montana (USA). 


apparent in basanite, and its presence may often be 
determined only with the aid of a fairly powerful hand 
lens which magnifies the specimen at least 10 times. 


Mafic material 

Both basanite and tephrite are dark rocks with high 
concentrations of magnesium and iron — in scientific 
terms, they are said to be mafic. The main mafic 
content of basanite is olivine; that of tephrite, however, 
is augite, a pyroxene silicate. 


Relative of basalt 

In general terms, basanite may be likened to basalt — 
both igneous rocks come from the same type of 
magma. The key differences between them are caused 
by the conditions under which they cool and solidify. 


Extrusive igneous rock 


Porphyritic texture 


Basanite often contains fairly large crystals in a fine- 


grained groundmass: in scientific terms, it is said to Ancient history 

have a porphyritic texture. In addition, many examples The earliest references to basanite occur in the work of 

of this rock have a pock-marked (pitted) surface: some Pliny the Elder (23-79 AD), the Roman historian and 

of the holes (vesicles) may later become filled with naturalist. In his Naturalis Historia, he describes how 

secondary minerals, especially analcime and other gold and other precious metals were tested for purity 

members of the zeolite group. Sodalite may also by rubbing them along the dark, hard surface of a rock 

be found. called Lapis basanites. (e^ 


> Bolsena Lake, near 
Viterbo (Italy) lies in the 
Roman volcanic province, 
a huge zone of extrusive 
igneous rocks formed 

by lava emitted from 
Mount Vesuvius. 


v The dark crystals visible 
on the surface of this grey 
basanite are augite, a 
pyroxene silicate mineral. 


Jl Exi 2 MEN 
The essential mineral components of basanite are 
as follows: augite (a pyroxene silicate); leucite (an 
aluminosilicate of potassium); nepheline (an 
aluminosilicate of sodium and potassium); olivine (a 
group of magnesium and iron silicates); plagioclase 
feldspars (members of the albite-anorthite solid 
solution series). 

Among the most important accessory minerals | 
| are the following: biotite (a mica); hornblende (an D 
aluminosilicate of calcium, magnesium and iron); | , 
ilmenite (iron titanium oxide); magnetite (iron 
oxide); and sodalite (a silicate of sodium and 
aluminium with one atom of chlorine). 


GEMSTONES 


Pyrope 


garnet 


Pyrope garnet 
has been used 
in jewellery and 
other forms of 
ornamentation 
for more than 
500 years. 


yrope garnet, which 
is usually known 
simply as ‘pyrope, 


can be blood red, pinkish, 

purplish or crimson in 

colour; some specimens are nearly black. Pyrope takes 
its name from the Greek pyropos, meaning ‘fire eye’. 


Blood-red colour 
The deep blood-red colour of much pyrope is caused 
by the presence of iron and chromium. 

However, the basic chemical constituents of pyrope 
are magnesium and aluminium: iron and chromium 


PYROPE GARNET 


Group: Silicates 

Crystal system: Cubic 

Chemical formula: Mg;AL(Si0,); 
Hardness: 7-7% 

Density: 3.5-3.8 

Cleavage: None 

Fracture: Conchoidal 

Colour: Red, pinkish, purplish, blackish 
Streak: White 

Lustre: Vitreous 


Fluorescence: None 
Ee 


v Rounded crystals of 
pyrope garnet on a 
mica base. 


CHARACTERISTICS 


Pyrope garnet is a member of the silicate group of 
minerals. It is a silicate of magnesium and aluminium 
that may sometimes contain impurities of iron and 
chromium, which give it its distinctive red colour. 

Pyrope crystals belong to the cubic system of 
crystal symmetry, but they usually occur either as 
12-sided (dodecahedronal) specimens or in shapes 
that have two parallel sides of unequal length (these 
are called trapezohedrons). 

Pyrope may be transparent or translucent and has 
a glassy sheen (vitreous lustre). 

Pyrope has a hardness of between 7 and 7% on the 
Mohs Scale, which is slightly higher than that of quartz 
but lower than that of topaz (which scores 8 on the 
scale). Therefore, pyrope can be scratched by topaz. 

In common with other garnets, pyrope has no 
cleavage. However, when pyrope is broken, it will 
produce a pattern resembling the shape of a seashell 
- this is known as conchoidal fracture. 

If a specimen of pyrope is rubbed on a piece of 
white, unglazed porcelain, it will reveal a white streak. 


Semi-precious stone 


A Crystals of pyrope in pegmatite 
from Novara, Italy. 


> Crystals of pyrope in granitic rock. 


are impurities and they do not occur 


in all pyrope specimens — this 
explains the colour variations. 

Pyrope is a silicate mineral. 
Silicates form the most abundant 
group of minerals in the Earth's 
crust, with more than 600 
members. Silicates are made up 
of metals combined with silicon 
and oxygen. 


Garnet group 

Pyrope is a member of the garnet 
group of minerals. Garnets are hard, 
glassy minerals that basically consist 
of silicates of aluminium, calcium, 
iron, magnesium and manganese. 
Their chemical make-up is 
extremely complicated. 


v Pyrope gemstones. The outer specimens have been 
fashioned in the drop cut, the middle one in an oval. 


The proportion of each 
component metal in a garnet can 
vary from specimen to specimen, 
and the metals can have different 
positions within the crystal 
structure. The scientific name for 
this process is continuous atomic 
substitution. 

Garnets have the general 
formula X3Y5(SiO;),, in which 
‘X? may be calcium, iron, 
magnesium or manganese, 
and ‘Y’ may be aluminium, 
chromium, titanium or iron. 
Altogether, there are six garnets — 
pyrope, almandine, spessartine, 


grossular, uvarovite and andradite. 


The cut 


In common with all garnets, 
pyropes have no cleavage 
and consequently they lend 


themselves to many different cuts. 


Among the most popular is the 
brilliant cut; mixtures of styles are 


also common, and, in addition, pyrope is often 


tumble-polished and used to make beads. The 


normal cutting angle for both the crown and the 


pavilion faces of pyrope is 40°. (For an explanation 
of gem-cutting terms, see Discovery 9 and 11.) 


Tests and treatment 
Pyrope melts (fuses) quite easily when placed in an 
open flame (in scientific terms, pyrope is said to have 
a high sensitivity to heat). 

The mica encrustations that often form on the 
surface of pyrope can be removed with a stiff wire 


brush or with a sewing needle. Iron stains are also 
common. These are more obstinate, but because 


pyrope is an insoluble material, they can be 


taken off by wiping the surface of the mineral 


with oxalic acid. 


ORIGINS and DISTRIBUTION ( 4? 


The igneous rocks peridotite and serpentinite are 
among the principal sources of pyrope. Pyropes 
also occur in sand-like alluvial deposits where they 
usually take the form of rounded pebbles or grains. 
In South Africa, pyrope is sometimes found in 
kimberlite. Elsewhere, pyrope has been found in 
Argentina; New South Wales and Queensland 
(Australia); Brazil; Burma; Bohemia (Czech Republic); 
Madras (India); Italy; Scotland; Switzerland; and 
Tanzania. In the USA pyrope is found in Arizona. 
South African and Swiss pyropes tend to be a 
lighter red than those from Bohemia, which is the 
oldest known source of this gemstone. 


trail: 


Algeria is a country 
of 2,381,740 sq. km 
in north Africa. 
Three-quarters of its 
land area are taken 
up by the Sahara 
Desert. Algeria is 
bordered by the 
Mediterranean Sea 
in the north, by 
Tunisia and Libya in 
the east, by Niger 
and Mali in the 
south, and by 
Mauritania, Western 
Sahara and Morocco 
in the west. 


lgeria has numerous natural resources 
and is especially rich in petroleum and 
natural gas. Other important resources 


include coal, iron ore, mercury, phosphates 
and zinc. 


The lie of the land 

Algeria has four main physical regions, which 
extend across the country in roughly parallel 
zones. The lowlands around Algiers, the 
capital, and Oran are densely populated and 
extensively cultivated. To the south of this 
area, the Atlas Mountains rise to over 1830m: 
this range contains a wide variety of natural 
resources, including antimony, gold, iron, lead, 
manganese, petroleum, phosphates, silver and 
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On the mineral 
Algeria 


A A snow-covered peak in the Atlas Mountains in the northwest 
of the country. This area is rich in mineral deposits. 


<s 


Algeri 


On the mineral tra 


A Part of the Hoggar Massif in the Sahara Desert. The area is composed mainly of volcanic rock. 


zinc. As yet, however, most of these resources have 
been only slightly exploited. 

South of the Atlas Mountains lies a plateau 
approximately 1070m high. Salt lakes (chotts) and salt 
flats occupy the lower, drier areas. Further south, the 
Saharan Atlas rises another150m above the plateau 
before descending more than 300m to the Sahara 
Desert itself. 

The rest of the country is part of the Sahara Desert. 
The world's largest desert rises to average heights of 
about 460m, although it is much higher in the 


Ahaggar Mountains, which contain Algeria's highest 
ge £ g 
voint, Mount Tahat (2908m). Contrary to popular 

f y to por 

myth, most of the Sahara Desert has a pebble (reg) or 
bare rock (hammada) surface: sand dunes (ergs) cover 
less than a quarter of the desert’s area. 


Natural resources 

Few countries in the world are as well endowed 

with natural resources as Algeria. The most valuable 
products are crude petroleum and natural gas. Other 
important resources are iron ore and pyrites, coal, 
copper, lead, mercury and zinc. 

Stibnite and gold are also 
found in Algeria, together with 
antimonite. Iron ore is mined 
in many locations, especially 
around Djebelonk. 

Petroleum exploration 
began near Oran in the 19305, 
and by 2007 the country was 
producing 700 million barrels 
a year at Ed Jeleh, Hassi- 
Messaoud, Hassi-R' Mel and 
Illizi. In addition, by 2007, 83 
billion cubic metres of natural 
gas were being extracted 


annually at Hassi-R’ Mel. 


4 Ancient Roman ruins at 
Tipaza on the north coast. The 
city was originally a Phoenician 
trading port before being taken 
over by the Romans. 


DISCOVERY 


Calcareous rocks 


Calcareous rocks are sedimentary rocks composed principally of calcite. 
They form either through reactions between pre-existent geological material and 
water, or through the deposition of organic material. The most important 
calcareous rock is limestone. 


ost calcareous rocks are forms of limestone, 
M and limestone is the general term applied to 

any sedimentary rock composed mainly of 
calcium carbonate minerals. 

The two most important components of limestone 
are calcite (calcium carbonate) and dolomite (calcium 
magnesium carbonate), although small amounts of 
iron-bearing carbonates, such as siderite (chemical 
formula FeCO;), may also be present. 


Formation 
Calcareous rocks form in various ways: inorganically, 
through a chemical reaction between pre-existent 
geological materials, or organically, through the 
conversion into rock of fossilised organic remains. 
However, this distinction may be clearer on paper 
than it ever is in the field: some limestones are formed 
exclusively in one way, but some strata are made up of 
combinations of both organic and inorganic material. 
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A Calcareous rock in the Yellowstone National Park, 
Wyoming (USA). 


v A carving on limestone (ancient Egypt). 
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Calcareous rocks 
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Chemical rocks 

Calcareous rocks of chemical origin may be 

formed by the evaporation of water containing 
calcium bicarbonate. They are typically found around 
hot springs and may form stalagmites and stalactites in 
limestone caves. 

There are three main types of chemically 
precipitated limestone: those containing evaporite 
minerals, such as gypsum and rock salt (halite); oolitic 
and pisolitic limestones, which are made up of tiny, 
egg-shaped particles; and calc tufa, a rock made of 


4 The entrance to a 
grotto near Dorgali 
(Nuoro, Italy). The caves 
here are in calcareous 
rocks of chemical origin. 


v The Ardeche in the 
Massif Central (France). 
The river has eroded a 
gorge out of organic 
calcareous rocks. 


4 The famous solidified 'fountains' of Pamukkale 
(Turkey), which are created when underground water 
emerges onto the surface and becomes saturated with 
dissolved calcium bicarbonate. 


calcium carbonate deposited from a solution of 
calcium bicarbonate — chemical formula Ca(HCO,); — 
in water. When the solution becomes saturated or 
heated, it releases water (H20) and carbon dioxide gas 
(CO3), and calcite (CaCO3) is precipitated. 

Organic rocks e 
Many plants and animals secrete calcium carbonate 

which, on the death of these organisms, may 

accumulate and become limestone rocks. Chalk 

deposits are mainly formed in this way. 


DISCOVERY 


James Hutton 


James Hutton (1726-1797) was a man of many parts - he was 
at various times in his career a lawyer, a chemist, a doctor and a naturalist. 
He is best remembered, however, as the geologist who formulated 
the theory of uniformitarianism. 


he theory of uniformitarianism suggests that 

the processes occurring on the Earth's surface 

today are the same as those which have shaped 
the Earth throughout geological time. (For a more 
detailed account of this, see Discovery 123.) James 
Hutton first proposed this theory in 1785. 

Born in Edinburgh (Scotland) on 3 June 1726, 
Hutton was educated at a local grammar school and 
then read law at the University of Edinburgh. 

After graduating, Hutton went to work in a legal 
firm, but law never interested him and he spent most 
of his time manufacturing sal ammoniac from coal 
soot. (Sal ammoniac is a form of ammonium chloride 


which is used in batteries, metal finishing and in the 
preparation of cotton for dyeing.) 


A James Hutton, who is sometimes known as 'the 
father of geology'. Many theories about the age of the 
Earth which are now regarded as conventional were 
dangerously revolutionary when Hutton first proposed 
them in the late 18th century. 


4 Edinburgh (Scotland), the city in which James Hutton 
was born, worked, studied and died. 


Hutton soon left the legal profession and then 
spent five years reading medicine in Edinburgh and 
Paris before qualifying as a doctor in 1749. 


Career development 

In the meantime, he had built up his sal ammoniac 
production company into a profitable business. He 
then took up farming in Berwickshire (Scotland). 
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James Hutton 


By 1768, the success of the two enterprises made him 
wealthy enough to move back to Edinburgh to pursue 
his scientific interests. 

Hutton turned to geology, reading and travelling 
widely to study rocks and observe the results of natural 
processes. His theory of uniformitarianism was first 
put forward in papers presented to the Royal Society 
of Edinburgh in 1785. 

Huttons great achievement was to arrange for the 
first time previously available data about fossils and 
rock strata into an 
intelligible cheory. Before 
Hutton, most people 
believed in the literal truth 
of the Old Testament and 
that the world had been 
created only about 6000 
years previously. Even 
geologists took the view 
that many sedimentary 
rocks had been formed 
from silt deposited at the 
end of the Great Flood 
described in the Biblical 
Book of Genesis. 

Although weathering 
and erosion were 
recognised as the main 
forces which destroyed 
the land, there was no 
equivalent theory to 
explain the creation of 
new land surfaces. The 
significance of volcanic 
activity in rock formation 
was almost completely 
unrecognised, as was the 
existence of igneous rocks. 


> Two views of 'Hutton's 
unconformity' at Siccar 
Point, Berwickshire 
(Scotland). Here, Hutton 
noted that older rocks were 
uplifted, folded and eroded 
before younger rocks were 
formed above them. 


4 The Bass Rock (Scotland). From studying its geology, 
James Hutton concluded that igneous activity causes 
uplift in land masses. 


Counterbalance 

Huttons central assertion was that the wearing down 
of the Earth's surface by erosion is counterbalanced 
by the effects of heat and pressure, which form new 
rocks. These rocks are in turn eroded and redeposited 
as sediments in the sea, and in time produce new 
land forms. 


Cyclic processes 

Most importantly, Hutton demonstrated that these 
processes were cyclical. Given the amount of time 
taken to go through a single cycle, Hutton concluded 
that the Earth must be immeasurably older than had 
previously been thought. Hutton summarised his 
views in a two-volume work, The Theory of the Earth, 
published in 1795. He was working on a third 
volume at the time of his death in Edinburgh on 

26 March 1797. 
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GEMSTONES 


chalcedony 


QU. Yellow chalcedony is a form 
SC | of quartz and is used to 
RE, 


make brooches 
and other ornaments. 


ellow chalcedony is a 
microcrystalline variety 
of quartz (silicon 


dioxide). Quartz is a very 
widespread mineral, and the 
name chalcedony is given 
to a number of quartz 
varietes. The different 
forms of chalcedony are 
caused by impurities that 
give the mineral different 
colours (see box overleaf). 
Yellow chalcedony 
derives its distinctive colour 


YELLOW CHALCEDONY 


Group: Oxides 

Crystal system: Trigonal 
Chemical formula: SiO; 
Hardness: 7 

Density: 2.65 

Cleavage: None 


Fracture: Conchoidal 


Colour: Yellow 
Streak: White 
Lustre: Vitreous to waxy 


Fluorescence: None 


> A relief head carved in yellow 
chalcedony, which has been used 
to make ornaments like this for 
more than 2000 years. 


CHARACTERISTICS - 


Yellow chalcedony is a 
microcrystalline variety of 
silicon dioxide (quartz is the 
crystalline form of silicon 
dioxide). It is classified in the 
trigonal system of symmetry. 

Like quartz, it has no 
cleavage when broken, but 
shows conchoidal fracture. 
Yellow chalcedony registers 
7 on the Mohs Scale of 
hardness, making it much 
harder than average, and it is 
of medium density at 2.65. 


Semi-precious stone 


<A geode of yellow chalcedony. 


OTHER FORMS co? 
OF CHALCEDONY oe 
Yellow chalcedony is one of 

a number of semi-precious forms 
of microcrystalline quartz. One 

of these is agate, which is 
distinguished by its clearly 
defined, multi-coloured banding. 
Another is bloodstone, which is 
dark green dotted with red, 
bloodlike spots. Others are 
carnelian, which is orange or red; 
jasper, a massive form which is red 
or green; onyx, which has brown 
and white or black and. white 
bands; plasma, which is a dull 
green colour, with yellow or 
whitish spots and a glistening 
lustre; prase, which is coloured 
green by the presence of nickel; 
and sard, a dark brown form 

of chalcedony. 


4 Most chalcedony is grey-blue 
in colour, like this example that 
has formed in a cavity in 
sedimentary rocks. 


> An ornate vase carved and polished from a 
massive piece of yellow chalcedony. 


from the presence of iron oxide impurities. 
It has a vitreous to waxy lustre and is often 
semitransparent or translucent. 


Ornamental use 
Yellow chalcedony is used mainly 
to make ornaments and small 
sculptures. It is particularly well 
suited to making brooches with 
raised designs (called cameos) 
because the slight colour 
variations within each specimen 
may be used to heighten the 
relief effect. It is also used to make 
intaglios — brooches with sunken designs. 
Yellow chalcedony is also used 
extensively to make the bases and handles 
of gold items, especially cruets, goblets and 
statuettes, and for some types of stone inlay 
work. It lends itself well to being carved 
and polished because of its lack of cleavage. 


A Agate from Brazil. Although this 
gem material has exactly the same 
chemical composition as chalcedony, 9 
it is distinguished by its banded 

appearance. 


PF. Kunzite is one of the forms 

p ! of spodumene used as a 

"/ gemstone. Spodumene is an 
important ore of lithium and 

is used in the manufacture of glass 

and ceramics. 


unzite is the transparent, lilac-coloured 

variety of spodumene. It was named in 1903 

by C. Baskerville in honour of George F. 
Kunz (1856-1932), the US gemmologist who had 
discovered it in 1902. 

When Kunzite was first discovered at the start of 
the 20th century, mineralogists believed they had 
found an entirely new gemstone. Detailed chemical 
analysis subsequently revealed that it was in fact 
indistinguishable from spodumene, and that its lilac 
colour was caused by the presence of tiny particles 
of manganese which were not an integral part of its 
chemical composition. The greater the concentration 
of manganese impurities, the more intense the colour 
of the gemstone. 


Famous examples 

Some of the largest and finest kunzite crystals 
were found in remote regions of Brazil. One such 
specimen, now on display at the Smithsonian 
Institution in Washington, DC (USA), weighs 
880 carats (one carat = 0.2g). California (USA) is 4 An elongated, prismatic crystal of kunzite from 
another important source of gem-quality kunzite: Pala, California (USA). 


FACT FILE 


KUNZITE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: LiAISi,0, 
Hardness: 6-7/4 

Density: 3.0-3.2 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Lilac 
Streak: White 
Lustre: Vitreous 


Fluorescence: Yellow or orange (some specimens) 


4 Akunzite gemstone in the drop cut. 


CHARACTERISTICS 


Kunzite is a member of the silicate group of 
minerals and contains the metallic elements lithium B 
and aluminium. It is a form of spodumene, and its 
colour is derived from the presence of manganese 
impurities. (Compare hiddenite, another form of 
spodumene, which is coloured green by chromium.) 
Crystals of kunzite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. The crystals are 
usually elongated and prismatic. 
Kunzite is a relatively hard gemstone, 
registering 64-74 on the Mohs Scale of hardness, 
and it is therefore resistant to scratching and is 
suitable for use in jewellery. Its density is slightly 
above average at 3.0-3.2. 
Some specimens of kunzite are fluorescent: if 
they are placed under an ultraviolet lamp, they will 
appear yellow or orange. 


Semi-precious stone 


Y A 10-carat kunzite 
cut as a rectangle with 
bevelled edges (Brazil). 


ORIGINS and DISTRIBUTION £a 


Kunzite is found in granite pegmatites (igneous 
rocks that were originally created by igneous 
activity deep beneath the surface of the Earth). It 

is commonly found in association with the minerals 
feldspar, muscovite, quartz and tourmaline. 

Some of the finest specimens of this gemstone 
are still found in Coahuila and Pala, California (USA), 
close to the site where it was originally discovered 
in 1902. Although many of Brazil's deposits are 
now close to exhaustion, this country remains 
the world's leading kunzite producer: some of 
the magnificent specimens found at Corrego do 
A A clear prismatic kunzite Urucum and Fazenda Anglo in the state of Minas 
crystal on a base (matrix) Gerais are over 50cm in length. 
of orthoclase (Afghanistan). Central Afghanistan, Anakaratra and 

Antandrokomby (Madagascar) and Connecticut and 
one particularly fine piece from Pala in that state Maine (USA) are among the minor sources of kunzite. 
is now displayed in the mineralogical collection 


of Harvard University near Boston, in the state 


of Massachusetts. Tests and treatment 

Kunzite is insoluble in acids. When specimens are 
Similar mineral placed in an open flame they melt (fuse) without 
Specimens of kunzite may sometimes be confused difficulty and the lithium they contain turns the 
with amethyst, but whereas kunzite conforms to the flame red. Any surface impurities can be removed 
monoclinic system of crystal symmetry, amethyst with dilute acids. 


belongs to the trigonal system. 


— —: Young mineralogists should 
The characteristic lilac colour of kunzite can be never use any form of acid without adult 
made lighter by heating to between 100° and 250°C. supervision. Always wear protective 
Similarly, if specimens are subjected to radioactive clothing, including gloves and a face mask 
bombardment, they will change colour completely and to prevent inhaling poisonous fumes, 
become bright green. However, neither of these colour and make sure that the workroom 
changes is stable for long, and specimens treated in this is adequately ventilated. 


way will soon revert to their original hue. 


! MINERALS 


Plagiocla 
feldspars 


We have already looked at 
the feldspar group as a whole. 
EM Here we take a closer look at 
one part of it: the plagioclase series. 


embers of the plagioclase series are usually 
white but may also be brownish, bluish, 


greenish, grey or reddish. 

Feldspars are the most abundant group of minerals 
in the Farth's crust and are found in a wide variety of 
rocks. They are all silicates and their main chemical 
components are aluminium, silicon and oxygen. These 
elements combine with one or more of the metallic 
elements calcium, potassium and sodium. There are 
also some barium feldspars, but these are rare. 


A White albite, 
: the sodium- 
< Y Brown oligoclase, an rich end 
intermediate member of member of the 
the plagioclase solid plagioclase 
solution series. - — series. 


PL MINERALS | 


A A slab showing the distinctive play of colours that 
characterises labradorite. 


Solid solution series 

The plagioclase feldspars form a solid solution series. 
The low temperature end member of this series is 
albite (sodium aluminum silicate, chemical formula 
NaAISi5Og). This mineral occurs in igneous rocks 
such as granite and andesite. The high temperature 
end member is anorthite (calcium aluminium silicate, 
chemical formula CaALSi;O;). This is found in 


igneous rocks such as basalt and gabbro. 


Other members i2 
There are several intermediate ? 3 A Anorthite, the high temperature end member of 
plagioclase feldspars in the % the plagioclase solid solution series. 
series that contain both I 
sodium and calcium in à; 
varying proportions. z CHARACTERISTICS 
These are: VAR Plagioclase feldspars are aluminium 

| : silicates of sodium and/or calcium. They 
oligoclase : E" are all members of the triclinic system of 
70—90 per cent sodium : crystal symmetry, ih which the three 
10—30 per cent calcium © crystallographic axes are all of unequal 

length. 
andesine v Their hardness is above average, at 6 
50—70 per cent sodium Y A to 6% on the Mohs Scale of hardness, and 
30—50 per cent calcium 4 their density varies between 2.60 and 2.76. 

. When reduced to a powder, they produce a 
labradorite E wv white streak. 
30—-50 per cent sodium ` T od Plagioclase feldspars exhibit repeated 
50—70 per cent calcium l= twinning, many crystals sharing a face with 
their neighbour on either side. 

bytownite 
10-30 per cent sodium 
70-90 per cent calcium : A A cameo brooch made from labradorite. 


Red 


andstone 


Red sandstone is a sedimentary 


rock that is widely distributed 
and can be of continental 
or marine origin. 


ed sandstone is a quartz-rich sedimentary 
rock coloured by oxides of iron that coat 
the individual grains. 
It is often deposited in arid regions where sandy 
sediment is carried by the wind. 


Aeolian deposits 


As its name implies, sandstone is formed from 


the deposition of sand-sized grains which measure 
between 0.063mm and 2mm in diameter. It is thus 
described as a fine- to medium-grained rock. (For a 
more detailed explanation of the classification of 


rocks by grain size, see Discovery 155.) Accumulations 


o k 
of wind-blown sand and dust particles are known as 


aeolian deposits. 


RED SANDSTONE 


Type: Sedimentary rock 


Essential components: Quartz, hematite 


Secondary components: Feldspar, mica, calcite 


Colour: Red or brown 


Texture: Angular or rounded grains 


Grain size: Fine to medium 
Density: 2.6 


A Cross bedding can 
often be on a small 
scale, as in this 
specimen of red 
sandstone. This example 
was probably formed by 
wind deposition. 


4 Cross bedded 

red sandstone and 
conglomerate of 
Precambrian age 
(northwest Scotland). 
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Sedimentary rock 


A A small specimen of red sandstone formed in an 
aeolian (wind influenced) environment. The individual 
grains are rounded and coated with iron oxide. 


Lithification 
These grains of sand are cemented together by silica 
(silicon dioxide), calcite (calcium carbonate), and/or 
various oxides of iron. The process by which the grains 
become rock is called lithification. 

One of the most widely distributed forms of silica 
is quartz, and red sandstone typically consists of 
between 75 per cent and 90 per cent of this mineral. 


Colour and structure 
Red sandstone derives its colour from a surface coating 
on its grains of hematite (iron oxide). 

The surface of red sandstone may reveal cross 
bedding, ripple marks and small fissures (desiccation 
cracks) — all typical sedimentary structures which are 
important indicators of the environment of deposition 
of the rock. Red sandstones with angular grains have 
been deposited by water; those with rounded grains 
have been deposited by the wind. Some red sandstones 
contain plant fossils, but these are rare because the 


4 A red sandstone 
bedding plane covered 
with ripple marks. These 
indicate that the original 
sediment was deposited 
in a moving current 

of water. 


The essential component of all red sandstone 
is quartz (silicon dioxide): grains of this mineral 
| typically comprise about 80 per cent by volume 
| ofthe rock. 

In addition, red sandstone may contain a very | 

low percentage by volume of feldspars: deposits 

| with a higher percentage of these minerals are 
classified as arkoses. 

Hematite (iron oxide) is a non-essential accessory 
mineral in sandstones as a whole, but is an essential 
component of red sandstone because it is from 
hematite that the rock derives its colour. Some red 
sandstone may be cemented by calcite (calcium 
carbonate) or by quartz (silicon dioxide). 


ORIGINS and DISTRIBUTION (% jp 


Red sandstone is a detrital sedimentary rock 

that forms through the deposition of eroded and 

weathered particles carried in water or by the wind. 
Sandstones are common and widespread 

throughout the world. Some of the most striking 

formations of red sandstone may be seen in the 


following locations: around Hartshill and the 
Stiperstones, Shropshire (England); Fontainebleau 
(France); Torridon (Scotland); the Dakotas (USA); and 
Holyhead (Wales). 


environment in which the rocks formed was generally 
too dry to support much life. 


Close relatives o 


Red sandstone is typically — but by no means 


exclusively — formed in arid regions. Chemically and 
physically, sandstones are closely related to arkoses, 
greywackes, mudstones and siltstones. 


» 


Tremolite is a widespread 

silicate mineral that 

occurs as fibrous masses 
or long, bladed crystals. 
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remolite is usually white or grey but may 
also be green, brown, pink or colourless. It is 
named after the Iremola Valley (Switzerland), 
where it was originally found. 
In chemical terms, tremolite is a hydrous silicate 


GM Satis eae x (PT 
Em A Bladed prismatic 
crystals of tremolite on calcium- 


of calcium, magnesium and iron. It is closely related 


to actinolite — the two minerals have almost identical 


chemical formulae and conform to the same system 
of crystal symmetry, the monoclinic. 


Amphibole group 
Both actinolite and tremolite are members of 
the amphibole group, silicate minerals that are 


characterised by a chain-like molecular arrangement. 


Solid solution series 

The key difference between the two minerals is that 
actinolite contains more iron than tremolite does. 
Tremolite is often closely associated with actinolite, 
and iron may be substituted gradually. In scientific 
terms, therefore, the two minerals are said to form a 
solid solution series. 


rich metamorphic rock (Scotland). 


FACT FILE 


TREMOLITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: Ca,(Mg,Fe);Sig02.(OH), 


Hardness: 5-6 


Density: 2.9-3.2 


Cleavage: Good 


Fracture: Uneven to subconchoidal 


Colour: White, grey, green, brown, pink, colourless 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


4 Tremolite often occurs in the form of long, bladed 
pale-coloured crystals like these. Note the distinctive 
glassy sheen (vitreous lustre). 
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Tremolite is a member of the silicate group of 
minerals. Each molecule is composed of two atoms 
of calcium, five atoms each of magnesium and iron, 
eight atoms of silicon, 22 atoms of oxygen and two 
hydroxyl ions (chemical formula OH). 

Crystals of tremolite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. The crystals 
often occur in long, blade-like habit and also as 
fibrous aggregates. 

Tremolite weighs between 2.9 and 3.2 times 
more than the equivalent volume of water at room 
temperature. 


Widespread mineral 


ORIGINS and 
DISTRIBUTION 


Tremolite forms in 
metamorphosed dolomites, 
either in contact zones or 

in areas of regional 
metamorphism. 

In addition to being the 
place from which tremolite 
takes its name, the Tremola 
Valley (Switzerland) is the 
classic source (type locality) 
of this mineral. 

Elsewhere, tremolite has 
been found in Austria; Burma; 
Ontario (Canada); Italy; the Urals 
(Russia); Inverness (Scotland); 
Sierra Leone; Tanzania; and 
Arizona and California (USA). 


A Pinkish prismatic crystals of tremolite in 
marble. This specimen was found near 
Inverness (Scotland). 


> Crystals of tremolite in their typical 
fibrous form. The thin fibres run vertically 
through the sheets, each of which 

measures about 2.5cm in depth. 


Fibrous aggregates 
Many specimens of tremolite occur 

as fibrous aggregates — these are a form 
of asbestos and, as such, potentially 
dangerous if their tiny particles are 
inhaled. Some tremolite, however, takes 
the form of long, bladed crystals which 
may share a face or faces with one or 
more other crystals of the same type — a 
phenomenon known as twinning. 


Tests and treatment 
When placed in an open 
flame, tremolite melts 
(fuses) with difficulty, 
leaving a residue of white 
glass. The mineral does 
not dissolve (is insoluble) 
in acids, and acids may 
therefore be used to 
remove any surface 
impurities without 
damaging the crystals. 


> Greenish crystals of 
tremolite in radiating 
masses (Plumbago, 
South Australia). 


GROUNDWORK 


On the mineral 
trail: Sri Lanka 


The island of Sri 
Lanka lies in the 
Indian Ocean to 

the southeast of the 
southern tip of India, 
from which it is 
separated by the Palk 
Strait and the Gulf of 
Mannar. A string of 
small islands, called 
Adam's Bridge, 
stretches between 
India and Sri Lanka 
and separates the 
strait from the gulf. 
Sri Lanka occupies a 
total land area of 
about 64,652 sq. km. 


Major mineral 
deposits 


extends about 430km from north to south and 
225km from east to west at its widest point. 


S ri Lanka, which was known as Ceylon until 1972, 


A mineral-rich island 

The island's mineral resources include graphite, iron 
ore, ilmenite, rutile and zircon, and all these are mined 
for commercial purposes. Also mined are salt, mica, 
kaolin and a wide range of gemstones. Another 
important natural resource is limestone, which is 
quarried throughout the island — reserves are 
estimated to be about 100 million tonnes. 
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The lie of the land A The Lion Rock, one of Sri Lanka's World Heritage sites. 
The land surface of Sri Lanka rises by steps from This huge granite rock rises 200m above the surrounding 
coastal lowlands to the ‘up country’ area in the plain and became a royal citadel in the fifth century AD. 


Sri Lanka 


On the mineral trail 


RRC SEES. 
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southern central part of the island. The highest point 
is Mount Pidurutalagala (2524m). To the south and 
west of the elevated area lie hills and valleys. There are 
also isolated rock masses rising from the coastal 
lowlands towards the eastern and central regions. 

Most of the country’s terrain is composed 
of ancient crystalline rocks which are often hard and 
resistant to erosion. The rocks include metamorphosed 
sediments, and these dominate the Jaffna Peninsula in 
the north as well as the northwest coastal region 
stretching to Puttalam. The surface of the Jaffna 
Peninsula, which is essentially a raised reef, is made 
of coral limestone. Sri Lanka also has small areas of 
alluvium along the coast, especially in the infilled 
lagoon areas of the east coast and in the delta region 
of the Mahaveli Ganga River. 

The coastline, especially in the south, southeast 
and west, is indented by lagoons and is mostly palm- 
fringed. Although the northeast coast is generally more 
rugged, it contains Trincomalee, which is widely 
regarded as one of the best natural harbours in the 
world. Most of Sri Lanka’s other harbours are on the 
southwest coast, including artificial ones at Colombo 
(the capital) and Galle. 


Graphite 

Sri Lanka is an important source of high-grade 
graphite: this valuable mineral is used especially in the 
manufacture of carbon brushes for electric motors. In 
2006, Sri Lanka’s annual output of graphite was 3200 
tonnes, making it the country’s main mineral export. 


Iron ore 

High-quality iron ore deposits, suitable for electro- 
smelting, are found at fairly shallow depths in areas of 
central and southern Sri Lanka, such as Ratnapura, 
Balangoda, Kalutara-Baddegama, Matara-Akuressa, 


Matale and Chilaw. 


<A view across a lake 
towards Yala National 
Park in the southeast of 
the country. The park is 
an important wildlife 
sanctuary. 


v A tea plantation in 

the central highlands. 

Sri Lanka is one of the 
world's largest exporters 
of tea. 


Beach deposits 
IImenite resources in the form of beach deposits 
are located to the north of Trincomalee. Deposits of 


monazite are found with ilmenite in beach sands along 
the west coast. 

Also occurring as beach deposits are rutile, which is 
used to coat welding rods, zircon, which is used to line 
furnaces in the iron and steel industries, and garnet 
sand, which is used as an abrasive. 

Other important resources include large quantities 
of kaolin and other clay minerals used in the making 
of tiles, bricks and pottery; quartz used in glass- 
making; and limestone suitable for the manufacture of 
cement. Sri Lanka’s lagoons are used to make salt from 
seawater by solar evaporation. 


Gemstones 

There is also a wide variety of gemstones on the island, 
including rubies and sapphires, which are forms of 
corundum (aluminium oxide). 
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Volatiles 


Throughout Treasures of the Earth, we have discovered many rocks and minerals 
that have been formed or altered by the action of hot water (hydrothermal activity). 
Some hydrothermal fluids are produced by the presence of dissolved materials 

known as volatiles in magma. 


Magma mix 

Volatiles are elements and compounds associated with 
magma, the subterranean rock-forming material. In 
normal atmospheric conditions, volatiles would be 
gaseous, but beneath the surface of the Earth they are 
kept in the liquid state by enormous pressure. 


Reduced viscosity 

Volatiles have important effects on the composition 

of magma. They reduce its stickiness (viscosity) and 
make it more fluid and mobile; they reduce its freezing 


> Amethyst, a typical product of volatiles, is often 
found in cavities in basalts. 


A Boiling mud and steam containing volatile gases (Costa Rica). 
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< 224 DISCOVERY. 


Volatiles 


point, thus allowing it to remain liquid at lower 
temperatures and increasing the time available for the 
formation of crystals. Volatiles may also react with 
minerals of earlier formation to produce a range of 
alteration products. 

Volatiles are important components of 
volcanic rocks, and are particularly associated with 
pegmatites. The most common volatile materials in 
magma are water, which occurs in the form of 
pressurised steam, and carbon dioxide. 


4 Pegmatite veins such as 
these are often formed 
from magma rich in 
volatiles (Sutherland, 
Scotland). 


v Fluorine, an important 
volatile element which 
may combine with 
calcium to produce 
fluorite (calcium fluoride). 


4 Another typical volatile product is agate (shown here), 
a banded form of chalcedony which is itself a variety of 
quartz (silicon dioxide). 


Juvenile or resurgent 

The volatile components of magma may be 

subdivided into two categories. Volatiles which 

formed part of the magma before it was affected by 

any extraneous material are described as juvenile. 
Volatiles which have been incorporated into 

the overall melt by a chemical reaction between 

the magma and surrounding rocks are said to 

be resurgent. 


Sublimation 

Some volatiles solidify directly from gas without 
going through the normal, intermediate liquid stage: 
this process is called sublimation. Other volatiles are 
crystallised from solution in hot water. 

Volatiles escaping from lava at the surface of the 
Earth may cause the formation of small spherical 
cavities (vesicles); later, they may also be responsible 
for the introduction of secondary minerals, such as 
agate and other forms of quartz. 
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Nephrite 


Nephrite is one of two materials - 

the other is jadeite - whose gem- 

quality forms are known as jade. 
Nephrite is a variety of the amphibole 
minerals actinolite and tremolite. 
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ephrite is usually green, blackish, grey or 

greyish. White varieties are also found. Its 

name is taken from the Greek nephros, 
meaning ‘kidney’, because during the Middle Ages 
it was believed to be beneficial in the treatment of 
renal disorders. 


Two different stones 
Jade was once thought to be a distinct mineral. 
But then, in 1863, scientists discovered that there 


were in fact two different stones that were called jade 
— jadeite and nephrite. 

Nephrite is usually distinguished from jadeite 
by its lower hardness. It is less valuable than jadeite 
because it is more common. In addition, its use in 
jewellery and ornamentation is more limited because 
it generally has inferior coloration. 


Carving problems 

Nevertheless, the finest nephrite is used for many 
of the same purposes as jadeite. Both jadeite and 
nephrite are difficult to work into decorative shapes, 


CHARACTERISTICS 


Nephrite is a member of the silicate group of 
minerals. It is a silicate of calcium, magnesium 
and iron. 

Crystals of nephrite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. The crystals 
tend to form in fibrous aggregates which interlock 
tightly and make specimens of nephrite extremely 
resilient and hard-wearing. 

Nephrite is softer than jadeite, registering 5-6 
on the Mohs Scale of hardness, whereas jadeite 
registers 67-7. 

Green or blackish nephrite derives its coloration 
from large amounts of iron; grey or white specimens <A smooth domed 
tend to be magnesium rich. : cabochon made from 

: nephrite. 


A Nephrite from 
California (USA). 
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GEMSTONES 


because of their great tenacity, resulting from the 
interlocking of their crystals. 


The cut 


However, the best nephrite has long been used to make 
a variety of useful and decorative objects: the range 
extends from dagger handles to brooches with raised 
designs called cameos. It is also sometimes used to 
produce cabochons and beads. 


Long history 

The Chinese have carved nephrite jade for more than 
7000 years. Yet although there are nephrite deposits in 
China, the raw material they used was probably first 


NEPHRITE 


Group: Silicates 

Crystal system: Monoclinic 

Chemical formula: Ca,(Mg,Fe),Si,0,.(0H), 
Hardness: 5-6 

Density: 3.0-3.4 

Cleavage: Poor 

Fracture: Hackly (jagged) 

Colour: Green, grey, greyish, white, blackish 
Streak: White 

Lustre: Vitreous to greasy 

Fluorescence: Whitish (rare) 


heat and pressure (metamorphic rocks) and in certain 
igneous rocks. 

The world's finest nephrite comes from China, 
particularly from Khotan and Yarkand. Other 
important deposits are mined in the following 
locations: in the valleys of the rivers Fraser and 
Turnagain in British Columbia (Canada); South Island 
(New Zealand); Jordanów (Poland); and around Lake 
Baikal, Siberia (Russia). In the USA, nephrite is found 
in Alaska and Wyoming. 


<4 A nephrite vase. 


< An ornamental polished slab of nephrite. 


imported from Turkestan in Central Asia, and later 
came from Myanmar (Burma). 

Pre-colonial inhabitants of New Zealand and 
Polynesia used nephrite for their sacred carvings, while 
the early Inuit people of Alaska (USA) used massive 
slabs of the gemstone to make a wide range of utensils. 


Imitating nephrite 

Nephrite is very similar in appearance to bowenite (a 
variety of the mineral antigorite found in serpentinite), 
and the two materials may be confused. The gemstone 
is sometimes imitated by composite stones of inferior 
quality (stuck together with green glue), and the 
natural colour of genuine nephrite may be artificially 
enhanced by the use of various green dyestuffs. 


Famous examples 
Some specimens of nephrite are enormous. A piece in 
the Heber Bishop collection weighs 2140kg: this can 
be seen in the Metropolitan Museum, New York 
(USA). Another fine example, weighing 542.5kg, is 
displayed in the British Museum, London (England). 
One of the most famous nephrite ornaments is a 
snail carved by the Russian jeweller Peter Carl Fabergé 
(1846—1920), in which the naturally greasy appearance 
of the gemstone has been used to recreate the slimy 
appearance of the real mollusc. 


Almandine 
arnet | 


Almandine is the commonest 
member of the garnet group 
of minerals, and is used as 

a gemstone. 
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Imandine garnet — usually called simply 

‘almandine’ for short — can be deep red, 

brownish red or brownish black. It gets its 
name from the ancient city of Alabanda in Anatolia 
(present-day Turkey). 


Wide range of uses 
Almandine is dense but quite brittle, and when it 
is faceted the edges are liable to chip. This makes 
specimens less valuable as jewels than the more 
precious garnets, but they have many applications 
in industry, where they are used as abrasives in 
garnet paper and tumbled with other materials 
of similar hardness. 

The red colour of almandine is caused by the 
iron in the mineral's composition; the greater the iron 
content, the darker the colour. Garnets are hard 


CHARACTERISTICS 


In common with all garnets, almandine is a member 
of the silicate group of minerals. It is a silicate of iron 
and aluminium. 

Almandine crystals belong to the cubic system - A Almandine garnet crystals in metamorphic schist. The 
the same system as common salt (halite) - but they largest almandines can weigh as much as 4kg. 
usually occur as 12-sided (dodecahedral) forms. 
Specimens of almandine garnet are usually 
translucent or transparent. Their lustre varies 
between glassy (vitreous) and resinous. 

Almandine has a hardness of 7 to 74 on the 
Mohs Scale of hardness and is the hardest member 
of the garnet group. Although almandine shows no 
cleavage, under pressure some specimens show a 
plane of parting. Almandine breaks off unevenly 
when subjected to pressure. 


A Two cut almandine garnet gemstones. 


Semi-precious stone 


A Almandine garnet with 12-sided (dodecahedral) 
crystals from the Otztal Mountains, Austria. The rock is 
made of schist, which can be removed with acids 
without damaging the almandine. 


> Almandine gemstones set in a 19th-century 
gold brooch. 


ALMANDINE GARNET 


Group: Silicates 
Crystal system: Cubic 


Chemical formula: Fe3AL;(Si0,); 
Hardness: 7—7/ 
Density: 4.1—4.3 
Cleavage: None 


Fracture: Uneven to conchoidal 


Colour: Red, brownish red, brownish black 
Streak: White 
Lustre: Vitreous to resinous 


Fluorescence: None 


minerals, almandine registering 7-7% on the Mohs 
Scale of hardness, and this makes them suitable for 
use in jewellery and as an abrasive. In common with 
other minerals of the garnet group, almandine has no 
cleavage, but it is brittle, breaking with a conchoidal 
fracture. Because of its iron content, it has the 
highest density of the garnets, at 4.1—4.3. 
Like all garnets, almandine crystallises in 
the cubic system of symmetry. 


The cut 
Almandine garnets are sometimes cut 
in cabochons and their undersides 
hollowed out to let more light filter 
through the stone and so enhance 
its colour. 

Other almandines are usually faceted 
or cut into beads for necklaces and 


Almandine garnet is found throughout the world 
in metamorphic rocks, particularly schist and gneiss. 
Almandine may also occur - albeit less frequently - 
in some granites and pegmatite rocks, as well 

as in contact zones close to igneous intrusions 

and in alluvial deposits, where it takes the form of 
rounded grains. 

The main occurrences of almandine garnet are 
found in Australia, Brazil, India, Madagascar, Sri 
Lanka and Tanzania. The largest crystals have been 
found in North Creek, New York State, USA. It also 
occurs in Austria, Greenland, Italy, the Scottish 
Highlands and Zambia. 


earrings. The mixed cut is also 
widely used. Both the crown and 
the pavilion surfaces of the gemstone 
are cut at an angle of 40°. (For an e 
explanation of gem-cutting terms, see 

Discovery 9 and 11.) 


4 An almandine gemstone in round cut. 
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Chrome 
diopside 


Chrome dioxide is a bright 
green form of diopside that is 
sometimes used in jewellery. 


iopside is a pyroxene silicate mineral 

that is often pale green in colour. Chrome 

dioxide is bright green and, as its name 
suggests, the colour is derived from the presence 
of chromium. 


Chromium oxide 

In its pure form, diopside is a silicate of the metallic 
elements magnesium and calcium. Some specimens, 
however, contain small quantities of chromium 
oxide (Cr;O) as an 

impurity. Although this FACT FILE 


compound is not an 
integral part of the CHROME DIOPSIDE 
mineral's composition and Group: Silicates 
therefore does not appear Crystal system: Monoclinic 
in the chemical formula, Chemical formula: CaMgSi;0; 
when it makes up more Hardness: 54-67 
than one per cent by Density: 3.22-3.38 
weight, specimens appear Cleavage: Good 
a vivid green and are Fracture: Uneven 
then categorised as Colour: Bright green 
chrome diopside. Streak: White 
Lustre: Vitreous 
v Three small specimens Fluorescence: None 
of chrome diopside. 


A This specimen of 
chrome diopside is 15.4cm 
long (Brazil. Its green 
colour is derived from the 
presence of 1.0-2.8 per 
cent by weight of 
chromium oxide. 


Type locality 
The classic source (type locality) of this variety is in 
southern Steiermark (Austria). 


The cut 

The finest chrome diopside specimens may be cut in 

a wide variety of styles for use in jewellery and other 
forms of ornamentation. When the stone is faceted, 
the preferred cutting angle is 40? along both the crown 
and the pavilion surfaces. 


Tests and treatment 

Chrome diopside does not dissolve (is insoluble) in 

acids and surface impurities may thus be removed with 

dilute acid without damaging the delicate crystal faces. 
When placed in an open flame, chrome diopside 

fuses (melts), forming a green glass. 


> This chrome diopside 
gemstone has been 
faceted in the mixed cut. 


v Two specimens of 
diopside. The one on the 
left contains some 
chromium, but not 
enough to turn it green. 
The specimen on the right 
is chrome diopside. 


(rome diopside forms in rocks that have been 
altered by heat and pressure (metamorphic rocks), 
and in some basic and ultrabasic igneous rocks. It 
occurs in association with chromium-bearing 
minerals. 

Chrome diopside has been found in the 
following locations: Austria; Brazil; Finland; Russia; 
and South Africa. R 


Chrome diopside is a member of the silicate group 
of minerals. Each molecule contains one atom of 
magnesium, one atom of calcium, two atoms of 
silicon and six atoms of oxygen. Chrome diopside 
also contains enough chromium oxide to enhance 
its green colouring. 

Crystals of chrome diopside conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any 
other. The crystals often occur in short, prismatic 
shapes with a distinctive glassy (vitreous) lustre. 

When chrome diopside is subjected to pressure, 
it splits cleanly along its weakest structural planes, 
showing good cleavage. 

Chrome diopside weighs approximately three 
and a quarter times more than the equivalent 
volume of water at room temperature. It is a 
moderately hard mineral, registering 54to 67 
on the Mohs Scale of hardness. 


Glauberite is an evaporite 
à mineral that also occurs 
= around fumaroles in 
some volcanic regions. 
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lauberite may be grey, 

yellowish or colourless. 

It forms in saline 
environments along with other 
evaporite minerals such as calcite, 
gypsum, halite and thenardite. It 
was first identified as a mineral in 
1808, and named after Johann Rudolf 
Glauber (1604—1668), the German chemist 
who first prepared the laxative Glauber’s salt, 
which is chemically related to glauberite. 


Uses of glauberite 

Glauberite is a sulphate of sodium and calcium 

that may be refined for use in medicine as a laxative 

known as Glauber’s salt. It may also be used in the A A mass of 

manufacture of glass and soft glazes and as a fixative glauberite 

(mordant) used in dyes. crystals with GLAUBERITE 
typically pale Group: Sulphates 

Glauber's salt colouring Crystal system: Monoclinic 

The medicinal uses of sodium sulphate (Glauber’s (USA). Chemical formula: Na;Ca(S0,); 

salt) were first discovered by J.R. Glauber in the Hardness: 24-3 

Density: 2.8 

Cleavage: Perfect 


Fracture: Conchoidal 


Colour: Grey, yellowish, colourless 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: None 


4 A typical specimen 
of glauberite. Note 
particularly the pale 
colour and the glassy 
sheen (vitreous lustre). 


Industrial mineral 


> Tabular crystals of glauberite 
from New Mexico (USA). This 
specimen is coated with sediment. 


17th century and described 
in his work De natura salium 
(1658). Glauber was born in 
Bavaria but later moved to 
Amsterdam, Holland, where he 
made a living through the sale 
of ointments and potions. 
Glauber discovered the salt 
in Austrian spring water in 
1625, and found that it could 
safely be taken by humans as a 
purgative. The resulting product 
was originally marketed as sal 
mirabile (the Latin for ‘miraculous salt) and later 
became known as Glauber's salt. 


Tests and treatment 
Glauberite dissolves completely (is fully soluble) in 
hydrochloric acid and is partially soluble in water, in 
which it loses its natural transparency. It melts (fuses) 
very easily in an open flame, giving off a distinctive 
crackling noise which is known in scientific terms as 
decrepitation. 

When exposed to the atmosphere for long 
periods, glauberite may be altered to gypsum 
(hydrated calcium sulphate) by the water in the air. 


v Tiny crystals of glauberite are sometimes found, as 
here, in association with desert rose, a form of the 
mineral gypsum (hydrated calcium sulphate). 


ORIGINS and DISTRIBUTION ‘ 


— Glauberite is an evaporite mineral which forms in 
dried-out seas, salt lakes and marine lagoons. It 
forms in bedded deposits, where it is commonly 
associated with halite (sodium chloride), polyhalite 
(a hydrated sulphate of potassium, calcium and 
magnesium) and thenardite (sodium sulphate). 

Some of the largest deposits of glauberite are 
found in the following locations: Salzburg (Austria); 

Lorraine (France); Messina, Sicily (Italy); Vallarubia 

(Spain); and California, New Mexico and Texas (USA). 


_ CHARACTERISTICS : 


Glauberite is a member of the sulphate group of 
minerals. Each molecule is composed of two 


atoms of sodium, one atom of calcium and 
| two sulphate ions (chemical formula SO4). 
1 7 Crystals of glauberite conform to the 
monoclinic system of symmetry, in which 
no crystallographic axis is the same length 
as any other. The crystals are transparent 
or translucent, and often occur in 
prismatic or tabular shapes and 
sometimes as two pyramids joined 
together at the base (bipyramids). 
The crystal surfaces may have 
rounded edges or grooved 
(striated) faces. 
The sheen (lustre) of glauberite 
may vary: it is generally glassy 
(vitreous) along the crystal faces 
but pearly along the planes of cleavage. When 
subjected to pressure, glauberite splits off cleanly 
along its weakest structural planes - in scientific = 
terms, the mineral is said to display perfect cleavage. 9: 
Glauberite is a soft mineral, scoring 2% to 3 on the 
Mohs Scale of hardness. It weighs 2.8 times more than 
the equivalent volume of water at room temperature. 


Hausmannite is used as an ore 
of manganese where it is 
found in economically 

viable quantities. 


ausmannite is a 
brownish black 
mineral with a 
brown streak. It was 
confirmed as a 
distinct mineral in 
1827 and named 
in honour of 
J.EL. Hausmann, a 
19th-century German mineralogist. 
Hausmannite is made up of oxygen and 
two different forms of manganese — divalent (chemical 
symbol Mn?*) and trivalent (Mn3*). It may also 
contain up to 7 per cent by volume iron oxide and 
8 per cent zinc oxide in the form of impurities. 
Hausmannite crystals are pseudo-octahedral in 
shape, but more often the mineral occurs as granular 
masses. It is moderately hard, at 5% on the Mohs Scale 
of hardness, and its density of 4.84 is above average. 
A brittle mineral, it displays good cleavage and an 
uneven fracture. 
Where it occurs in quantity, hausmannite is mined 
as an ore of manganese, but usually it is only found in 
small amounts. 


A Dark 
hausmannite in 
brown rock from 
Arizona (USA). 


Hausmannite is a member of the oxide group of 
minerals. Each molecule is composed of one atom 
of divalent manganese, two atoms of trivalent 
manganese and four atoms of oxygen. Although the 
chemical formula is thus strictly Mn2+Mn3+,0,, it is 
sometimes simplified to Mn;O,. 

Crystals of hausmannite conform to the 
tetragonal system of symmetry, in which the three 
crystallographic axes are all at right angles to each 
other but only two are equal in length. The crystals 
occur in eight-sided (pseudo-octahedral) shapes. 
Many crystals share a face with one or more of their 
neighbours - a phenomenon known as twinning. 
However, the mineral usually takes the form of 
granular masses. 


4 Eight-sided (pseudo- 
octahedral) crystals of 
hausmannite from Cape 
Province (South Africa). 


Widespread mineral 


A Dark hausmannite in brown rock from the Hardshell 
Mine in Santa Cruz County, Arizona (USA). 


Associated minerals 
Hausmannite' closest relative — and the mineral with 
which it is most commonly associated — is pyrolusite, 


another naturally occurring form of manganese oxide. 


Hausmannite may also be found in deposits 
containing romanechite (a mixture of manganese 
oxides) and calcite (calcium carbonate). 

Hausmannite does not melt (is infusible) in an 
open flame, but dissolves (is soluble) in concentrated 
hydrochloric acid. Specimens may be cleaned with 
water — distilled water is preferable, but ordinary tap 
water may also be used because it will not normally 
damage the crystal surfaces. 


Group: Oxides 


Crystal system: Tetragonal 


Chemical formula: Mn?:Mn?*,0, 


Hardness: 54 


Density: 4.84 


Cleavage: Good 


Fracture: Uneven 


Colour: Brownish black 


Streak: Brown 


Lustre: Submetallic 


Fluorescence: None 


^Hausmannite is formed through the dehydration 
of manganese hydroxides. It occurs in high 
temperature hydrothermal veins, where minerals 
are deposited from fluids, and also in rocks which 
have been altered by the heat of contact 
metamorphism. Other minerals commonly 
associated with hausmannite include pyrolusite, 
romanechite, magnetite, hematite and barite. 
Hausmannite has been found in the following 
locations worldwide: Ouro Preto, Minas Gerais 
(Brazil); Ilfeld and Ilmenau (Germany); India; Sapalsk 
(Russia); Kuruman, Cape Province (South Africa); 


and Arizona and Arkansas (USA). 


white calcite (calcium 


ORIGINS and DISTRIBUTION (C 4^ 


Langban (Sweden); Val d'Avers, Grisons (Switzerland); 


4 Dark hausmannite with 


carbonate). Each of these 
hausmannite crystals is 
about 5mm in diameter. 


4 Hausmannite in pale 
brown rock (Arizona, USA). 
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trail: 


mineral 
Niger 


Niger isthe tenth GEOGRAPHICAL AREAS OF NIGER 


largest country in 
Africa, occupying an Major mineral deposits 
area of 1,267,000 sq. 
km. It is a landlocked 
republic, bordered in 
the north by Algeria 
and Libya, in the 
east by Chad, in the 
south by Nigeria 

and Benin, and in 
the west by Burkina 
Faso and Mali. 
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In the southeast, the 

country touches the 

shores of Lake Chad, 

one of the largest expanses of water 
in Africa. 


iger contains a diverse range of 
N mineral resources. The most economically 
important of these is uranium ore, but there 
are also many others, including cassiterite (a mineral 


ore of tin), copper, gold, gypsum, phosphates, rock 
salt, titanium ore and tungsten ore. 


The lie of the land 

The northern half of Niger is part of the Sahara 
Desert. Here, the desert forms a highland area of 
sandy plateaux and includes Mount Bagzane 
(1900m), the highest point in the country. 

Central Niger is known as the Sahel. This region 
is semi-arid and lightly wooded, but principally 
rocky and characterised by dried river valleys known 
locally as gulbi. 


ALGERIA 


Ténére Desert 
Air Massif 


A Mt Bagzane 


Agadez m 
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A The Sahara Desert stretches across the greater part 
of northern Niger. The dunes shown here are in the Air 
and Ténére natural reserves. 


» The greater part of 
Niger's population lives 

in settlements like this 
along the banks of the 
country's main waterway, 
the River Niger. 


Y An oasis in the Sahara 
Desert, which occupies 
almost half of Niger's 
total land area. 


The southwest is fertile and cultivated, and benefits 
from the periodic overflow of the country's main 
waterway, the River Niger. In the extreme south, 
around Maradi, another range of plateaux forms a 
sandy belt about 500km in length: this area is rich in 
iron-bearing, laterite soils. 


Natural resources 

Niger is one of the world's leading producers of 
uranium, which is the country's principal export. Since 
1971, large deposits have been mined at Arlit and in 
the Air Massif. Reserves are estimated at more than 
100,000 tonnes, and more than 3000 tonnes are 
extracted every year (3243 tonnes in 2009). 

Rock salt (halite) is found in the Air Massif and in 
the Manga district. Significant quantities of gold are 
obtained by panning in the River Sirba (a tributary of 
the Niger). Gypsum and limestone are quarried in the 
Ader Doutchi region. Since the 1960s, cement has 
been produced locally at Malbaza. 


Other resources 

The production of lignite coal from open cast mines 
near Agadez reached about 160,000 tonnes a year in 

the early 1990s, but has since declined due to lack of 
demand. Phosphates have been mined near Niamey, 

the capital, since 1978, the year in which the first oil 
deposits were discovered in Manga, near the border 


with Chad. 
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Nodules and 


concretions 


Nodules and concretions are rounded, regular or irregular features occurring 
mainly in sedimentary rocks. Although the terms are often interchangeable, 
a nodule is usually understood to be a rounded structure up to about 0.25m in 
diameter. A concretion, by contrast, is more irregular. 


odules and concretions are products of 
diagenesis, a rock-forming (lithification) 
process which involves heat and pressure, 


but heat and pressure at too low an intensity to be 
classified as metamorphism. 


Formation 
During diagenesis, the constituents of certain 


sediments may become concentrated within particular 


areas of the rock, often accumulating around a central 
nucleus. Their component minerals are then tightly 
compacted by low-grade heat and the pressure of 
subsequent, overlying layers of sediment. Individual 
grains may become tightly packed and the pores 
between them partly or wholly eliminated by the 
expulsion of water. 

Nodules and concretions occur in limestone and 
chalk. Siliceous nodules of chert and flint in these 
rocks may have formed from silica (silicon dioxide) 
which accumulated on the sea bed as sediment was 


A A chert nodule in 
limestone. Chert is 
cryptocrystalline silica 
which occurs as distinct 
nodules in limestone. 
These nodules may form 
in bands which follow the 
lines of certain strata. 


4 Large concretions of 
pyrite-rich, calcium-bearing 
(calcareous) concretions set 
in a wave-cut platform on 
the coast at Port Mulgrave, 
Yorkshire (England). These 
concretions, though 
chemically similar to the 
shales in which they have 
formed, are more resistant 
to erosion and so stand out 
as prominent features. 
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Nodules and concretions 


v Thunder eggs, which 
are silica-rich nodules 
containing irregular 

and rounded quartz 
structures. Some contain 
agate, a semi-precious 
form of chalcedony. 


being deposited. Another source of these structures 
is clay ironstone. This mixture of clay and siderite 
(iron carbonate) sometimes occurs in layers of 
brown or dark grey nodules and is often associated 
with coal-bearing strata. Elsewhere, limestones and 
chalk may contain nodules and concretions of 


4 This concretion of 
ironstone set in sandstone 
is made of concentric 
layers of limonite, some 
darker than others. Its 
three-dimensional 

shape is rounded, and 
weathering has revealed 
its internal structure. 


v These large concretions 
(0.4m in diameter) were 
formed quite rapidly on 
the seabed and then 
surrounded by layers of 
shale-based sediment. 
They have a hard shell of 
pyrite and a softer, clay- 
rich centre. 


phosphorites, which originated on the seabed as 
dense, black, fine-grained deposits with rounded 
or elliptical shapes. 


Doggers 

Although nodules are generally no more than 
about 0.25m in diameter, there are no hard and fast 
rules about their exact dimensions. Larger spherical 
structures of the same type are sometimes known 
alternatively as doggers. 


Exposed examples 

Nodules and concretions are generally formed within 
a sedimentary rock mass. They may subsequently 
become exposed to the surface of the Earth by 
weathering and erosion, which wear away the 
overlying layers of rock. Some nodules contain fossils, 
which are exceptionally well preserved because the 
processes of diagenesis are not strong enough to crush 
them. Others contain agate, a semi-precious form of 
quartz with beautiful banding. 
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Amblygonite is mined as an 
ore of lithium. Clear yellow 
specimens are occasionally 
used as gemstones. 


ost amblygonite 
is white or 
greyish, but it 


may also be yellowish, blue, 
green, pink or colourless. Its 
name derives from the Greek 
amblugonios, meaning 'blunt 
angled’: this is a reference to its 
obtuse cleavage angles. 
Amblygonite was first 
described in 1817 by the German 
mineralogist A. Breithaupt. The 
mineral is mined for its lithium content. 
This metal is alloyed with various other 
metals to increase their strength, and is also 
used in the production of lithium batteries. 
Huge crystals weighing several tonnes have 
been found in South Dakota, USA, where 


masses weighing up to 200 tonnes occur. 
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Amblygonite forms a solid solution series with A A crystalline specimen of amblygonite from 
montebrasite. Both these minerals have largely the Governador Valadares (Brazil). Note the rough 
same chemical formula, but amblygonite has more crystal faces. 
fluorine than hydroxyl radical (chemical formula OH), 
while in montebrasite these proportions are reversed. Smithsonian Institution in Washington, DC (USA). 

It is an intense yellow colour and weighs 65.5 carats 

Use in jewellery (one carat = 0.2g). The same collection also houses a 
Yellow amblygonite is occasionally fashioned into golden yellow specimen of 19.7 carats which was 


smooth, domed cabochons, or faceted into brilliants or mined in Myanmar (Burma). 
mixed cuts. The preferred 
cutting angle is 40? along 
both the crown and 
pavilion surfaces. (For a 
more detailed description 
of gem-cutting techniques, 
see Discovery 9 and 11.) 


Famous examples 
The world's largest faceted 
amblygonite gemstone 
came originally from 
Brazil and can now be 
seen in the mineralogical 
collection at the 


4 Transparent 
amblygonite cut in a 
faceted oval shape to 
heighten its natural 
luminescence (Brazil). 


Industrial mineral 


AMBLYGONITE 


Group: Phosphates 


Crystal system: Triclinic 

Chemical formula: (Li,Na)AI(PO,)(F,OH) 
Hardness: 5/—6 

Density: 3.0-3.1 

Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: White, greyish, yellowish, blue, green, pink, colourless 
Streak: White 

Lustre: Vitreous to pearly 

Fluorescence: Whitish 


Other large specimens of Brazilian origin are 
now displayed in Canada. The Devonian Group of 
Calgary has a 47-carat amblygonite gem, while the 
Royal Ontario Museum in Toronto has a set of 
amblygonites in a wide range of colours, the largest 
of which weighs 15.6 carats. 


Tests 
Amblygonite is rich in fluorine and will display a 
whitish fluorescence if placed under an ultraviolet 
lamp. After the light source has been removed, the 
mineral shows pale blue phosphorescence. 
Amblygonite melts (fuses) easily and the lithium 
it contains will colour an open flame red. It is soluble 
in acids, but only with difficulty. 


Treatment 

Amblygonite should be cleaned with distilled water 
because tap water may contain impurities that may 
damage the surface of the crystals. 


of minerals. Each molecule is made up of the 
metallic elements lithium, sodium and aluminium, 
together with the non-metals phosphorus, oxygen, 
fluorine and hydrogen. 

Crystals of amblygonite conform to the triclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other and none is at 
right angles to any of the others. The crystals often 
have rough faces and many grow together in the 
phenomenon known as twinning. Most amblygonite 
takes the form of compact or cleavable masses. 

Amblygonite weighs almost exactly three times 
as much as the equivalent volume of water at room 
temperature: in scientific terms, it is said to have a 
density of 3.0-3.1. 


Amblygonite occurs in granite pegmatites, 
extremely coarse-grained igneous rocks formed 
deep beneath the surface of the Earth. It is found 

in association with other lithium-bearing minerals, 
notably lepidolite, spodumene and tourmaline, and 
also with albite. 

Ambyglonite is found in the following locations: 
Minas Gerais (Brazil); Manono (Democratic Republic 
of the Congo); Montebras (France); Penig (Germany); 
Sakangyi (Myanmar); Utó and Varurtrask (Sweden); 
and Bikita and Karabi (Zimbabwe). In the USA, 
amblygonite is found in Arizona, Pala (California), 
New Mexico and South Dakota. = 


4 A specimen of 
amblygonite from Brazil. 


3 Chalcanthite 


Found in many parts 

of the world, in 

particular in Chile, 
chalcanthite is an ore of copper. 


halcanthite is usually light blue or dark blue 

in colour but may sometimes be greenish. Its 

name is derived from the Greek words khalkos, 
meaning ‘copper’, and anthos, meaning ‘flower’. 


Found in dry places 
Because chalcanthite is susceptible to moisture, it 
occurs only in arid regions and dry caves. The most 
extensive deposits of this hydrated sulphate mineral 
are found in the Atacama Desert in Chile, one of the 
driest places in the world. 

Elsewhere, chalcanthite may sometimes be found 
in the form of stalactites and as crusts on the walls of 
abandoned copper mines. 


A Chalcanthite from the Geevor Mine, Cornwall (England). This copper 
sulphate mineral can be formed by the oxidation of chalcopyrite, 
a sulphide of copper and iron. 


! MINERALS 


A A bright blue crystalline specimen of chalcanthite. 
Although the mineral is generally blue, its powder 
(streak) is colourless. 


Although the world's principal mineral ore of 
copper is chalcopyrite, in Chile chalcanthite is so 
abundant that it, too, may be used industrially. 
Copper extracted from chalcanthite in the Atacama 


ORIGINS and 
DISTRIBUTION 


Chalcanthite is a secondary mineral 
formed through the oxidation of pre- 
existent (primary) minerals in copper 
ore deposits. It is often found as 
encrustations on the walls of mine 
workings, where it has crystallised 
from copper sulphide-bearing waters. 
These circulating waters originated as 
rain - in scientific terms, they are said 
to be meteoritic. 

Among the minerals with which 
chalcanthite is most commonly 
associated are bornite and 
chalcopyrite (copper iron sulphides) 
and quartz (silicon dioxide). 

The world's most extensive and 
industrially significant deposit of 

- chalcanthite is at Chuquicamata in 
the Atacama Desert (Chile). Elsewhere, 
small deposits have been found in 
England, France, Germany, Ireland, 
New Zealand and Spain. In the USA 
chalcanthite is found in Arizona, 
California, Montana and New Mexico. 


CH 4 


Widespread mineral 


A A specimen of chalcanthite, a variety of copper 
sulphate formed by crystallisation from water. Copper 
sulphate itself is used in industry to make blue dyes. 


Desert has been used to make electric cables and wires, 
and also as a component of alloys, notably brass (in 
combination with zinc) and bronze (with tin). 

Tests and 


wt A 


and treatment 
Chalcanthite has an unpleasant metallic taste — 


however, as the mineral is poisonous, this test is not 


4 A fine specimen of 
chalcanthite. This 
hydrated copper sulphate 
mineral occurs in parts of 
copper veins that have 
been affected by oxygen 
in the air and water. 


» Tiny crystalline 
encrustations of 
chalcanthite in association 
with chalcopyrite and 
quartz. 


- CHARACTERISTICS m 


Chalcanthite is a member of the sulphate group of 
minerals. Each molecule is composed of one atom 

of copper, one atom of sulphur and four atoms of 

oxygen, together with five attached molecules 

of water of crystallisation. 

Crystals of chalcanthite conform to the triclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other and none is at 
right angles to any of the others. The crystals 
sometimes take the form of short prisms or thick 
tabular shapes. Most deposits, however, occur as 
crusts, or as stalactitic or massive aggregates. 

Chalcanthite is a soft mineral, registering 27 on 
the Mohs Scale of hardness, and is easily marked by 
a coin (which registers 3%). It has an average density 
of 2.86 and a vitreous to resinous lustre. 


recommended. It does not melt (is infusible) in an 
open flame. When the mineral is heated, its water of 
crystallisation is driven off and may be seen forming 
on the inside of a closed test tube. 

It is soluble in water, so specimens should be stored 
in a sealed container to prevent them dissolving in 
water from the atmosphere. 


Paw 


CHALCANTHITE 


Group: Sulphates 


Crystal system: Triclinic 
Chemical formula: CuS0,.5H;0 
Hardness: 27 

Density: 2.28 

Cleavage: Imperfect 


Fracture: Conchoidal 


Colour: Blue or greenish 


Streak: Colourless 


Lustre: Vitreous to resinous 


Fluorescence: None 


Garnierite 


Garnierite is the general name for 
hydrous nickel silicate minerals. 


ome garnierite is white, but most specimens 

are bright green. It is named after Jules Garnier 

(died 1904), the French geologist who discovered 
it in New Caledonia, an island to the east of Australia. 
The name garnerite is used non-specifically for hydrous 
nickel-bearing silicates found in serpentinite rocks. 


Ore of nickel 
Garnierite is an industrial source of nickel. Others 
include the sulphide minerals pentlandite and 


pyrrhotite. The amount of nickel in any specimen 
of garnierite may range from about 14 per cent to 
40 per cent by weight. This has a significant bearing 
on its hardness, which ranges between 2 and 4 on 
the Mohs Scale. 


Uses of nickel 

Nickel is a metallic element that is principally used 
to strengthen steel. It is a component of various 
alloys, which are used in desalination plants, and in 


A Bright green garnierite 


from Oregon (USA). 


4 Dark green garnierite 
from North Carolina 
(USA). 
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Industrial mineral - 
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GARNIERITE 


Group: Silicates 


Chemical formula: (Ni,Mg)3Si,0;(OH), 


Hardness: 2-4 


Density: 2.2-2.8 


Cleavage: None 


Fracture: Uneven 


Colour: Green or white 


Streak: Light green 


Lustre: Greasy, waxy or earthy 


Fluorescence: None 


the manufacture of boat propellers, turbine blades, 
batteries, toasters and electric ovens. 


Tests 

Garnierite will not melt in an open flame and gives 
off water when heated in a test tube. It is soluble in 
hot hydrochloric acid. 


v This encrustation of green garnierite was found at 
Morgan Branch, Bumcombe County, North Carolina 
(USA). The mine here is one of the world's principal 
sources of this nickel-bearing material. 


Garnierite is a general name for hydrous nickel 
silicate minerals. Each molecule contains the 
metallic elements nickel together with the non- 
metals silicon, oxygen and hydrogen. In addition, 
some specimens may contain between 3 per cent 
and 30 per cent by weight of magnesium. 

Garnierite occurs as lamellar or earthy masses 
or as crusts. It registers 2-4 on the Mohs Scale of 
hardness and has a density of 2.2-2.8. 

If garnierite is rubbed along a piece of white, 
unglazed porcelain, it will reveal a light green streak. 


ORIGINS and DISTRIBUTION & 


—Garnierite is found in serpentinites, which are 
altered igneous rocks. It forms through the 
alteration of nickel sulphides by fluids. 

Garnierite is found in many places around 
the world. The most abundant deposits occur in 
the following locations: Sondrio (Italy); Noumea 

(New Caledonia); the Ural Mountains (Russia); 

Mpumalanga Province (South Africa); and North 

Carolina and Oregon (USA). 


Pearl is an organic 
gemstone 
that originates 
within the shells of 
various molluscs. 


earls are usually white, 
P cream or grey, but may also 
be black, bluish or pink. 
The finest specimens often display 
a distinctive rainbow-like sheen, 
called iridescence. 
Pearls are formed by oysters and 
mussels as a response to irritation caused by 
the presence of foreign bodies within their 
shells. These are typically grains of sand or small 
parasites which have become trapped inside 
the mollusc. 
Many freshwater and marine shellfish produce 
this reaction but only certain species of oysters, 
mussels and clams produce gem-quality pearls. 


Aragonite and nacre 

The pearl-forming process begins when the shellfish 
secretes a solid substance called nacre (mother-of- 
pearl). Nacre is made up of layers of calcium 
carbonate in the form of the mineral aragonite. 


Grain size 
Pearls are measured in units called grains. One grain 
is equivalent to 50 milligrams, the same as 0.25 


PEARL 


Group: Organic material 


Chemical formula: CaCO; + conchiolin + H20 


Hardness: 2/—3/ 


Density: 2.6-2.8 
Cleavage: None 


Fracture: Uneven 
Colour: White, cream, grey, black, bluish, pink 


Streak: White 
Lustre: Pearly 
Fluorescence: Sometimes white 


GEMSTONES 


A. A pearl forming around grit inside the shell of an 
oyster, from French Polynesia in the Pacific Ocean. 


carats. Large specimens are known as baroque pearls 
and the largest ever discovered weighed 1860 grains. 
The smallest pearls weighing less than 0.25 grains are 
called seed pearls. 


CHARACTERISTICS 


Pearl is a gem of organic origin. Although its exact 
chemical composition is extremely variable, it is 
generally made up of a combination of calcium 
carbonate (CaCO;), water and a protein called 
conchiolin. Internally, pearls are made up of 
concentric layers around a central nucleus. 

The finest pearls have a striking array of rainbow- 
like colours playing across their surface. This effect — 
which is known as iridescence - is caused by light 
passing through microcrystals of calcium carbonate. 
The exact colour of any pearl is determined partly by 
its environment. 

When a freshwater pearl is placed under an 
ultraviolet lamp, it may emit a distinctive white light 
of its own: the scientific term for this effect is 
fluorescence. 


Organic gemstone | 


A Despite its resemblance to the smooth 
domed cabochon cut, the shape of this 
cultivated pearl is entirely natural. 


A A collection of pearls. The white, pink and black 
specimens are completely natural, while the others 
have been artificially colour-enhanced. 


Cultured pearls 


Molluscs can be induced to form pearls by deliberately 
introducing irritants into their shells: the products of 
this process are known as cultured pearls. A pearl may 


also be ‘grown’ by placing a small 
mother-of-pearl bead inside the 
mollusc' shell. The bead becomes the 
nucleus around which the pearl then 
grows: this process often results in 
splendid spherical gemstones which are 
known as nucleated pearls. 


Ornamental uses 

In general, the most valuable pearls are 
those which form in nearly perfect 
spheres or droplet shapes. 

Pearls are less hard wearing than 
many other gems: this is because they 
are very sensitive to acids, dryness and 
humidity. Little work is carried out on 
them, although holes may be drilled in 


<4 A necklace 
of cultivated 


Pearls form insidethe shells of pearl oysters 
(Pinctada), which, despite their name, are not 
oysters at all but different bivalve molluscs. They 
are found in both sea and fresh water at depths 

of 0.25-36m. 

Pearls of marine origin are found in the following 
locations: the Red Sea; the Persian Gulf; the Gulf of 
Manaar between India and Sri Lanka; along the coast 
of Venezuela; around the Great Barrier Reef off the 
coast of Queensland (Australia); Polynesia; and the 
Gulf of Mexico. 

Freshwater pearls are found in the Mississippi 
River (USA) and in the rivers of Austria, China, 
France, Germany, Ireland, Japan and Scotland. 


specimens intended for beads, necklaces or setting. 
Sometimes craftsmen may insert specially shaped 
nuclei into oyster shells: the pearl will then take on 
the shape of the nucleus around which it has grown. 


Tests and treatment 

Natural and artificial pearls may be 
distinguished by the use of X-rays. 
Pearls contain water as part of their 
basic internal structure and care must 
be taken to ensure that they do not 
dry out, because this may cause their 
surfaces to crack. Pearls should never 
be stored in too dry an atmosphere 
and should be wiped from time to 
time with a damp cloth to keep them ? 


looking at their best. 


<4 A pendant made of pearl, 
gold and ruby. 


GEMSTONES 


Peridot 


Peridot is the gemstone 

variety of the silicate mineral 

forsterite, a member of the 
olivine group of minerals. 


eridot is usually green but may sometimes 
ps yellowish green: its colour variations 
are caused by iron impurities. 
Olivine group A Two peridot gemstones faceted in the 
Peridot belongs to the olivine group of minerals, and rectangular cut with bevelled edges. 
is part of the forsterite-fayalite series. Forsterite itself 
is a silicate of magnesium; at the other end of the The cut 
series, fayalite is a silicate of iron. Most specimens of peridot can be cut and polished 
The specimens with the greatest concentrations of fairly easily, although care must be taken during 
magnesium tend to be the ones which take on the the final grinding of the facets to prevent pitting. 
yellowish coloration: yellow olivine is sometimes Large pieces of peridot are rare. Most gem-quality 
known as chrysolite. specimens are small and are often polished and drilled 
for necklaces. Peridot may also be cut in cabochons, 
pendeloques and step cuts. The usual cutting angle 
on both crown and pavilion surfaces is 40°. 


Long history 

Peridot has been mined for at least 3,500 years. It is 
described by the Roman historian Pliny the Elder 
(23-79 AD) in his encyclopedic Naturalis Historia. 


Peridot is a member of the silicate group of 
minerals. It contains the metallic element 
magnesium together with silicon and oxygen. 
Peridot is the gemstone variety of forsterite, an 
olivine group mineral. 

Crystals of peridot belong to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. Peridot is 
transparent or translucent and has a glassy sheen 
(vitreous lustre). The greater the amount of iron 
peridot contains, the greener it is. 

Peridot is a hard mineral, registering 7 on the 
Mohs Scale of hardness. Its density is slightly above 
average, at 3.2-3.3. 


4 Peridot gemstones with a large uncut specimen. 


GEMSTONES 


PERIDOT 


Group: Silicates 
Crystal system: Orthorhombic 
Chemical formula: Mg,Si0, 


Hardness: 7 

Density: 3.2-3.3 

Cleavage: Indistinct 

Fracture: Conchoidal 

Colour: Green to yellowish green 
Streak: Colourless 


Lustre: Vitreous 
Fluorescence: None 


The oldest recorded source of the gemstone was 

the rich deposit on the Egyptian island of Zebirget 

(St John’s Island) in the Red Sea. It was from here that 
the Crusaders first brought peridot to Europe in the 
12th century. 


Most peridot occurs in basalt and gabbro, both 
widespread rocks originally created through igneous 
activity beneath the surface of the earth. Peridot is 
also sometimes a constituent of iron-based 
meteorites from outer space. 

Until recently, peridot was extracted from mines 
on the Red Sea island of Zebirget (Egypt). Other 
significant occurrences of peridot are found in the 
following locations: Ross Island (Antarctica); the 
Pacific island of New Caledonia and Queensland 
(Australia); around Bom Sucesso, Teofilo Otoni and 
Conceição do Serro in Minas Gerais (Brazil); Eifel 
(Germany); Sondrio (Italy); Kenya; Chinuahua (Mexico); 
Mogok (Myanmar); Norway; and Lanzarote, Canary 
Islands (Spain). 

In the USA, small peridots seldom weighing more 
than 3 carats are found in Arizona and Hawaii. 


gemstones can be seen in the British Museum 


Famous examples 
Numerous peridot gemstones have been preserved 


(London) and at the Ashmolean Museum (Oxford). 


from Roman times and are now on show in museums Similar gems 
around the world. The Smithsonian Institution in To the untrained eye, peridot could possibly be 
Washington, DC (USA) has two particularly fine confused with chrysoberyl, epidote and zircon. 


green stones which were originally mined in Burma 


In such cases, further tests have to be carried out 


(Myanmar) and weigh 319 and 289 carats respectively to determine the exact nature of the specimen under 

(one carat = 0.2 grams). examination. One property of peridot which readily 
The Topkapi Palace in Istanbul (Turkey) has no distinguishes it from other minerals of similar 

fewer than 954 peridots on display. There are further appearance is that it will dissolve in hydrochloric acid 

fine specimens on show at the Royal Ontario Museum and turn to a jelly (the scientific term for this reaction 

in Toronto (Canada). In the British Isles, peridot is gelatinisation). 


A Acut peridot gemstone surrounded by uncut stones, 
all from Lanzarote (Canary Islands). 


< A necklace and earrings of cut peridot in the Victoria 
and Albert Museum (London, England). 
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On the mineral 
trail: Cambodia 


ma Major mineral deposits 


THAILAND 


ains 


The Republic of Dangrek Moun! : 
Cambodia occupies asw cim 
an area of just over 
181,000 sq. km in 
southeast Asia. It 

extends for 350km BatanbongW - Ss T 
from north to south ^ 

and 450km from east UL LESID 

to west. The country Phnom Penh mi 

is bounded in the 

southwest by the 

Gulf of Thailand, in 

the north and west Ao bie rir 

by Thailand, in the F pn 

north by Laos, and in 

the east by Vietnam. 


q ambodia contains a wide range of natural 
resources, although most of these have not 
yet been exploited to their full potential 

because of political instability in the country. Chief 

among the natural resources are coal, copper, gold, 


iron ore and phosphates. There are also significant 
deposits of corundum and zircon. 


Angkor Wat m 


Mekong R. 


VIETNAM 


The lie of the land 

The main topographical feature of Cambodia is the 

Mekong River, which rises in southwest China and 

flows through Laos before entering Cambodia in the 

north and flowing south into Vietnam. The river is 

navigable in its lower reaches and provides an 

important waterway for goods and passengers A A houseboat and floating houses on Tonle Sap ('Great Lake") 
between the Cambodian capital, Phnom Penh, and in western Cambodia. The lake floods every year, and the 

the South China Sea, some 240km distant. floodplain provides a perfect breeding ground for fish. 


Cambod 


On the mineral tra 


A. A fishing village on the Tonle Sap River. Fish is an 
important part of the Cambodians' diet, providing 60 
per cent of their protein intake. 
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A The western side of Angkor Wat, which is part of 

the Angkor World Heritage Site. A Hindu temple complex 
built in the 12th century, Angkor Wat is today a prime 
Cambodian tourist attraction. 


Cambodia has three significant mountain ranges — 
the Dangreks in the north, the Cardamoms in the 
west and the Elephant Mountains in the south. The 
Cardamoms contain the country's highest peak, 
Mount Aoral (1771m). 

Within the horseshoe-like arc formed by these 
mountains, great plains cover almost two thirds of the 
land area and contain most of the country's population 
of just under nine million. 


Mineral resources 
Many valuable minerals were discovered in Cambodia 
during the 20th century, and their commercial 
exploitation will probably increase as the country 
enjoys greater political stability. Phosphates were 
located at Tuk Meas and are processed in Battambang. 
Bauxite, gold and iron ore are found in Kampong 
Thom and further deposits of gold are found in the 
region around Stung Treng. 

Cambodias future wealth is likely to depend 
most on corundum, spinel and zircon, gem-quality 
specimens of which are found at Battambang and 
Stung Treng. 


4 A ferry boat on the Mekong River, one of the 

world's major rivers. Like the Tonle Sap, it provides the 
population with a rich diversity of fish, while the annual 
floods irrigate the surrounding land, making it possible 
to grow crops. The river is also an important waterway 
for goods and people. 


DISCOVERY 


Ophiolites 


Ophiolites are assemblages of igneous and metamorphic rocks. 

They originate in the lowest parts of the Earth's crust and in the upper mantle, 
and are subsequently moved to the surface by the forces of mountain 
building (orogeny). Ophiolites provide geologists with a wealth of information 
about the ocean crust and the tectonic movement which has brought 
rocks to the surface. The word ophiolite is derived from the Greek ophis, 
meaning 'snake', and /ithos, meaning 'rock'. 


phiolites are often associated with elongated 
asins known as geosynclines which have 
b k geosyncl hich h 


become filled with large amounts of 
sediment. These accumulated piles of geological 
material may then be uplifted by orogenic forces 
and altered by heat and pressure. Amphibolites, basic 
lavas, dunites, gabbros, peridotites and pillow lavas 
are typically found in ophiolite assemblages. 


Igneous rocks 

Ophiolites consist of various igneous rocks grading 
upwards from ultrabasic in the lowest parts of the 
assemblage to basic igneous types closest to the 


surface. (Ultrabasic rocks contain less than 45 per A Peridotite is a heavy ultrabasic rock found in 

cent silica; basic rocks contain 45—55 per cent silica ophiolitic sequences. This specimen is rich in red garnets 
and contain more calcium than sodium.) and green ferro-magnesian minerals. 
Monomineralic 

rock 


At depths of about 7km 
beneath the ocean floor, 
the base of a typical 
ophiolite is a layer of 
dunite. This dense, 
ultrabasic rock represents 
original geological 
material from the Earth’s 
mantle in altered 
(metamorphosed) form. 
Ophiolitic dunite 
contains olivine (a silicate 
of magnesium and/or 
iron) and often no other 
minerals — in scientific 
terms, such rocks are said 
to be monomineralic. 

Above the dunite, at a 
depth of about 5km, is a 
layer of other ultrabasic 
rocks, such as peridotite, which may be rich in a A The outermost layer of each ‘pillow’ in this 
variety of ferro-magnesian minerals, including pillow lava cooled and solidified quickly on 
pyroxenes and amphiboles. contact with sea water. 
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Next in the ophiolitic sequence come gabbros, 
which are generally found about 3 or 4km below the 
surface. Gabbro is a basic, coarse-grained igneous 
rock made of pyroxenes (often augite) and plagioclase 
feldspars, together with small amounts of quartz 
and olivine. 


4 This assemblage of 
ophiolitic rock has been 
greatly disturbed by 
orogenic and tectonic 
activity (Iran). 


v4 The upper part of 

an ophiolitic sequence 
consisting of pillow lavas 
which erupted on to the 
ocean floor. These pillow 
lavas are composed 
mainly of basalt. 


v Amphibolite with 
bands of green epidote 
(Cornwall, England). 


Dyke swarms 

Above the gabbros, in the upper parts of the ocean 
floor, are swarms of basic dykes. These are usually 
made of dolerite, the medium-grained equivalent 

of gabbro. In the Troodos Mountains (Cyprus), 
ophiolitic dyke swarms are extensive and more 

or less continuous, with little country (host) rocks in 
between them. This is unusual, however, and most 
deposits are more clearly zoned, as at the Lizard, 


Cornwall (England). 


Pillow lavas 

The upper part of an ophiolitic assemblage may also 
feature pillow lavas. These are formed from basic lava 
which has erupted on to the ocean floor, cooled 
quickly on contact with water and bulged into 
pillow-like shapes. Such lavas are often rich in spilites 
(basaltic rocks formed on the sea bed). Pillow lavas 
may later be covered with ocean-floor sediments such 
as clay and fine-grained mud. 
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etalite 


Petalite is one of the few 
sources of the rare metallic 
element lithium. 


or colourless, and is transparent or translucent. 

Petalite is a naturally occurring silicate of 
aluminium and lithium. It was found at Utó (Sweden), 
its classic source (type locality), and confirmed as a 
distinct mineral in 1800. Petalite is of great 
importance as a source of lithium. 


ps may be grey, green, pinkish, white, yellow 


Other sources of lithium 

Although lithium may also be found in small 
quantities in the mica lepidolite and in certain brines, 
the principal mineral ore of this metal is spodumene 
(another silicate of aluminium and lithium). 


Extracting the metal 

Lithium is a soft, silvery metal which is extracted 

from both petalite and spodumene by the following 

method. First, the raw minerals are treated with 

sulphuric acid to produce aluminium lithium sulphate; 

the sulphate is then converted to aluminium lithium 

chloride. Afterwards, the chloride compound is mixed 

with a small amount of potassium chloride and 

melted. Finally, an electric current is passed through 

the fluid to obtain the pure metal. A Grey petalite from Vasterotten (Sweden). 


Petalite is a member of the silicate group of 
minerals. Each molecule is composed of one atom 
of lithium, one atom of aluminium, four atoms of 
silicon and 10 atoms of oxygen. 

Crystals of petalite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. Individual 
crystals are rare, but those that do occur usually 
share a face or faces with one or more of their 
neighbours - the scientific term for this 
phenomenon is twinning. Petalite also often 
forms as large masses with perfect cleavage. 

Petalite is a fairly hard mineral, scoring 6-67 on 
the Mohs Scale. It weighs between 2.3 and 2.5 times 
more than the equivalent volume of water at room 
temperature. 

A A massive aggregate of rich green petalite. 
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The scientific name for the last part of the process Petalite as a gemstone 
is electrolysis. Petalite is a fairly hard mineral, scoring 6-6% on the 
Mohs Scale of hardness, and is sometimes used as a 

Uses of lithium gemstone. Fine specimens may be smoothed into 

Lithium is used in metallurgy to remove oxygen domed cabochons or faceted, in which case the 

and as a hardener in some alloys of aluminium preferred cutting angles are 

and magnesium. It is also an important FACT FILE W 40°-50° along the crown 

component of batteries. and 43? along the pavilion 

Lithium salts are used in psychiatric PETALITE surface of the stone. 

medicine to moderate and control the Group: Silicates 

symptoms of bipolar disorder, schizophrenia Crystal system: Monoclinic Tests 

and certain other forms of disturbed behaviour. Chemical formula: LiAISi,0,, Petalite will not dissolve 
Hardness: 6-6/4 (is insoluble) in acids. It 
Density: 2.3-2.5 melts (fuses) only with 
Cleavage: Perfect difficulty and the lithium 
Fracture: Uneven to conchoidal it contains will colour an 
Colour: Grey, green, pinkish, white, open flame red. 
yellow, colourless Petalite may give off a 
Streak: White distinctive blue light of its 
Lustre: Vitreous to pearly own — the scientific term 
Fluorescence: None for this effect is 

phosphoresence. 


ORIGINS and DISTRIBUTION 


Petalite occurs typically in very coarse-grained igneous 
rocks, especially lithium-bearing granite pegmatites. It is 
most commonly found in association with feldspars, 
lepidolite (a lithium-bearing silicate of the mica group), 
quartz (silicon dioxide), spodumene (lithium aluminosilicate) 
and tourmaline (a complex borosilicate). 

Some of the most important petalite deposits are found 
in the following locations worldwide: the Isle of Elba (Italy); 
Varutrásk (Sweden); Maine and Massachusetts (USA); and 
Bikita (Zimbabwe). 


A A specimen of whitish petalite. 


v Pink petalite in potassium-rich, acidic igneous 
rock. Large deposits of this mineral are among 
the world's most E. 

important sources 
of the metal 
lithium. 


A Pink petalite from the Rubicon Mine, Karib (Namibia). 
The associated pale mineral is pollucite, an unusual 
caesium-bearing zeolite. 
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A mysterious material that was 
once thought to have come 

3$ from outer space, moldavite is 
a form of glass. 


eologists used to believe that moldavite had 

been brought to the Earth in a crashed 

meteorite, until 20th-century research 
revealed that, although terrestrial in origin, its true 
provenance was even more unusual. Moldavite is a 
fascinating green glassy material that takes its name 
from the Moldau River in Bohemia (now part of the 
Czech Republic), where it was first found in 1787. 

Scientists have shown that moldavite is really a 

form of tektite, a rock with a high silica content 
which resembles some rocks that have been formed 
by volcanic activity. 


Tektites 

The various forms of tektite are named after the 
regions in which they principally occur. They are: 
australites (from southern Australia and Tasmania); 
bediasites (from Texas, USA); Georgia tektites (from 
Georgia, USA); indochinites (from Laos, Thailand 
and Vietnam); Ivory Coast tektites (from west 
Africa); javaites (from Java); malaysianites (from 
Malaysia); philippinites (from the Philippines and 
China); and moldavites (from the Czech Republic). 
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Moldavite is a member of the rare but widespread 
tektite group of rocks. It is a form of glass and, 
although its chemical composition varies, it is 
mostly made up of a wide range of silicate and oxide 
materials. Moldavite may also be rich in alumina, 
potash and lime. 

Moldavite has no crystal system - in scientific 
terms, it is said to be amorphous (shapeless). Most 
specimens take the form of flattened teardrops, 
rounded pebbles or irregular splinters. 

Inclusions can often be seen inside some 
moldavites: these typically resemble round or oval- 

. shaped bubbles or swirls. 

| Most moldavite specimens are quite small - few 

| 


Setar e 


weigh more than 300g or measure more than three 
centimetres in diameter. 
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Moldavite 


A Moldavite in elongated form. Some specimens 
are so transparent that they may be mistaken for 
coloured glass. 
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Form of tektite 


/—— 


Most tektites come from the Philippines: of the 
650,000 specimens that have so far been examined, 
over half a million have been philippinites. 


USE d5dt n INE 

Moldavite, with its translucent, glassy appearance, 

is very occasionally used as a gemstone. The best 

polished moldavite resembles diopside and tourmaline. 
Moldavite specimens are sometimes faceted or 

made into beads, and they may also be carved into 


small ornamental items. 


MOLDAVITE 


Group: Tektites 


Crystal system: None 


Chemical formula: Various 
Hardness: 5/—6/ 

Density: 2.3-2.4 

Cleavage: None 


Fracture: Conchoidal 


Colour: Green 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


ORIGINS and DISTRIBUTION 


‘Moldavite is a form of tektite, rocks whose exact 
origin has been open to debate in the past. The 
glassy appearance and composition of tektites led 
geologists to think that they were of extra-terrestrial 
origin and either meteorites or parts of meteorites. 
Meteorite strikes are in fact quite common 
occurrences right across the surface of the Earth - 
there are thought to be about 500 on average every 
year, but most of these are too small to be noticed. 

It is now believed that tektites are related to 
extra-terrestrial material but in an indirect way. 
When a meteorite or small comet hits the Earth's 
crust, melting of the crustal rocks in the impact 
crater occurs and many molten rock globules are 
flung into the atmosphere. These fall back to Earth 
as small fused rocks, often with a glassy structure. 
Tektites are among these materials. 

The main location for moldavite is in the area 
around the Moldau River in the Czech Republic. 


<4 The photographs 
on this page show two 
moldavite specimens with 
rough surfaces. 
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Rhodizite 


Rhodizite is a rare borate 

mineral which contains 

the metallic elements 
cesium and beryllium. 


Ithough the word 
rhodizite is derived 
from the Greek 


rodisein, meaning 'rose- 
coloured', the mineral is 
actually colourless, greyish, 
white or yellowish. The 
name is a reference to 

the fact that rhodizite 
specimens will turn a 


blowpipe flame red. 


Notable hardness 

Rhodizite is an extremely 

hard mineral, scoring 8% 

on the Mohs Scale of 

hardness: it can scratch quartz and most commonly 
occurring minerals. 

Crystals of rhodizite are classified in the cubic 
system of symmetry and usually occur as tetrahedra, 
octahedra and dodecahedra (four-sided, eight-sided 
and 12-sided shapes). The crystal surfaces are highly 


A Eight-sided (octahedral) 
crystals of rhodizite on a 
base of pegmatite rock 
(Madagascar). 


4 Transparent crystals of 
rhodizite from Madagascar. 


reflective, with a vitreous 

(glassy) to adamantine 

(diamond-like) lustre, 

and are transparent 

to translucent. 

Rhodizite is a 

rare mineral found in 

Madagascar, in the Ural 
Mountains of Russia and at Maldon in Devon 
(England), usually in association with tourmaline. 


Treatment 
If there are surface impurities on the crystals, they can 
be cleaned with dilute acids. 


jesoulw asea 


Rare mineral. 
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FACT FILE 


RHODIZITE Rhodizite is a member of the borate group of 

Group: Borates minerals. It has a complex chemical make-up which 6) 
Crystal system: Cubic contains four atoms of aluminium, four atoms of 
Chemical formula: (K,Cs)Al,Be,B,;025(OH), beryllium and 25 atoms of oxygen. In addition, each 
Hardness: 8/4 molecule also contains one atom of cesium, one 
Density: 3.44 atom of potassium, 11 atoms of boron and four 
Cleavage: Difficult molecules of the hydroxyl radical (OH). 

Fracture: Conchoidal Crystals of rhodizite conform to the cubic system 
Colour: Colourless, white, greyish, yellowish of symmetry. They often occur in eight-sided or 12- 
Streak: White sided shapes. 

Lustre: Vitreous to adamantine If rhodizite is placed under an ultraviolet lamp, it 
Fluorescence: Yellow may reveal a characteristic yellow fluorescent light. 


ORIGINS and DISTRIBUTION E$ 


$ Rhodizite is found in pegmatite, a rock that 
originally formed through igneous activity deep 
beneath the surface of the Earth (igneous rock). 
It is generally associated with tourmaline. 
Specimens of rhodizite from Manjaka 
(Madagascar) are the standard against which new 
finds are measured for authenticity, and so this 
is known as the type locality. Other deposits of 
rhodizite occur at Meldon, near Okehampton, 
Devon (England) and in the Ural Mountains at 
Mursinsk near Sverdlovsk (Russia). 


Acids must always be handled 
with great care and should never 
be used by young mineralogists without 
adult supervision. 


4 The photographs on 
this page show further 
specimens of rhodizite 
from Madagascar. 


Silvite is one of the most 
important mineral ores 
of potassium. 


N ylvite — or sylvine, as it is alternatively known — 


( 
~ is usually white but may also be grey, blue 


V. 7 or reddish. Sylvite is named in memory of 
Franciscus (Franz) Sylvius (1614—1672), a German 
anatomist and chemist who prescribed a potion 
known as sal digestiva Sylvii (derived from the 
mineral) to cure excess stomach acid. 


sali eoc 


Inu Li idi USCS 
Sylvite is an important 
source of potassium, 
which is used in fertilisers 
and in the preparation of a 


> A specimen of sylvite 
extracted from the Boulby 
Mine, North Yorkshire 
(England). The crystals 
shown share a crystal face 
and are said to be twinned. 


A These cube-shaped 
sylvite crystals have 
been formed through 
the evaporation of 
saline water. 


v Potash ore, which 
contains significant 
quantities of carnallite. 
However, the principal 
mineralogical component 
of this specimen is sylvite. 
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range of potassium salts. One of the most important 
of these, potassium chlorate, is used to make 
explosives, fireworks and matches. 


- Sylvite is an evaporite mineral formed mainly from 
the drying out of salt lakes and seas in deserts and 
other arid areas. It is commonly found in association 
with other minerals of the same type, especially 
carnallite (a hydrated chloride of potassium and 
magnesium) and halite (sodium chloride). 

Smaller deposits of sylvite may be formed around 
the fumaroles of volcanoes, especially Mount Etna 
and Mount Vesuvius (Italy). 

Some of the most industrially important deposits 
of sylvite are found in the following locations 
worldwide: Saskatchewan (Canada); North Yorkshire 
(England); Stassfurt (Germany); San Cataldo (Italy); 
and Texas and Utah (USA). 


Tests and treatment 

Sylvite is readily soluble in water. It melts (fuses) 
in an open flame, which is coloured purple by the 
potassium in the mineral. On prolonged exposure 
to the atmosphere, sylvite will gradually dissolve 
(deliquesce) and specimens should therefore be 
stored carefully in a sealed container. 


Industrial mineral 


Sylvite is a member of the halide group of minerals. 
Each molecule is composed of one atom of 
potassium and one atom of chlorine. | 
Crystals of sylvite conform to the cubic system of 
symmetry. They take the form of six-sided cubes or, 
more rarely, eight-sided octahedra. The mineral also 
A. Pale, translucent | occurs as granular masses. The reddish colour of 
crystals of sylvite : | Some sylvite is caused by the presence of minute 


found in the SYLVITE inclusions of hematite (iron oxide). e 
Boulby Mine (North Group: Halides Sylvite is a very soft mineral, scoring only 2 on 
Yorkshire, England). Crystal system: Cubic the Mohs Scale of hardness, and it can be scratched 

Chemical formula: KCI | with a fingernail (which scores 27). It also has a very 

Hardness: 2 low density at 1.99. | 

Density: 1.99 The deliquescence of sylvite (see main 


Cleavage: Perfect text) is very similar to that of the 


closely related halite. 


Fracture: Uneven 


Colour: White, grey, blue, reddish 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 


4 A mass 

of sylvite from 
Stassfurt, Germany. The 
pinkish red colour is derived 
from tiny particles of hematite 
within the crystals. 


Verdelite 


«a^ Verdelite is a variety of 
2 elbaite, which is itself a 
P" variety of tourmaline. 
Some specimens are 
used as gemstones. 


erdelite derives its 
name from the 
Spanish word 
verde, meaning 
‘green’. Some 
specimens show 
different colours 
depending on the 
direction of the 
light source and the 
angle from which 
they are viewed 
(this is known as 
pleochroism). 
‘Tourmaline is the 
name of a large group 
of minerals, members of 
which are named according to their colour. The 
range includes achroite (a rare, colourless variety), 
rubellite (pink) and indicolite (dark blue). There are 
many other varieties as well, including buergerite 
(brown), siberite (purplish) and uvite (dark brown). 
There are also green and yellow tourmalines and a 
so-called water melon variety, which is pink at one 


FACT FILE 


VERDELITE 


Group: Silicates 

Crystal system: Trigonal 

Chemical formula: Na(Li,Al);Al,(BO3)3Sig013(OH), 
Hardness: 7 

Density: 3-3.1 

Cleavage: Indistinct 


Fracture: Conchoidal to uneven 


Colour: Green 


Streak: Colourless 


Lustre: Vitreous 


Fluorescene: None 


A Verdelite crystals on quartz (Isle of Elba, Italy). 


end and green at the other. Verdelite is most 

closely related to elbaite and chromodravite (two other 
green forms of tourmaline). Indeed, the distinction 
between these types is often no more than a matter 

of opinion. 


CHARACTERISTICS 


Verdelite is a member of the silicate group of 
minerals. Each molecule contains sodium, 
aluminium, lithium, boron, silicon, oxygen 
and hydrogen. 

Crystals of verdelite conform to the trigonal 
system of symmetry, and many specimens share 
crystal faces in the phenomenon known as twinning. 

As a variety of tourmaline, verdelite has a 
hardness of 7 on the Mohs Scale of hardness, which 
is above average. Verdelite weighs almost exactly 
three times more than the equivalent volume of 
water at room temperature. 
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Semi-precious stone 


Y A prismatic crystal of verdelite, 
with striations (grooves) on the 
crystal faces. 


ait 


A Verdelite gemstones cut into rectangles and squares, 
with bevelled edges to enhance the stones’ various 
shades of green. 


Similar gems 

At first sight, verdelite may be mistaken for dioptase, 
emerald, olivine, tsavorite (green grossular garnet) or 
green zircon. Verdelite should not be confused with 
the similarly named verdite, which is an impure form 
of fuchsite. 


Famous examples 

Some of the finest verdelite gems are now displayed 
in the mineralogical collection of the Smithsonian 
Institution in Washington, DC (USA). These 
include a 122.9-carat crystal from Mozambique and 
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A Twinned green and white 
crystals of tourmaline. 


Like all form of tourmaline, verdelite many be found 


in all three major types of rock. It occurs in granites 
and pegmatites that have formed through igneous 
activity deep beneath the surface of the Earth 
(igneous rocks), in rocks whose original 
composition has been changed by heat and/or 
pressure (metamorphic rocks), and in some alluvial 
deposits (sedimentary rocks). 

The most important occurrences of verdelite 
have been found in Brazil, notably at Aracual-Itinga, 
Minas Novas and Teofilo Otoni. The fine specimens 
from here are sometimes known as 'Brazilian 
emeralds’. 

Further significant finds have been made on the 
banks of the River Alingar (Afghanistan) and at San 
Piero in Campo on the Isle of Elba (Italy). Verdelite is 
also found in Madagascar, Tanzania and Zimbabwe. 


a 117-carat specimen from Minas Gerais, Brazil. 
(One carat equals 0.2 grams.) 


Tests and treatment 

Like all forms of tourmaline, verdelite is insoluble, 
and consequently acids may be used to remove 
surface impurities without damaging the crystals. 
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Austria is an independent 
republic in central Europe 

which occupies an area 

of 83,855 sq. km. It is a 
mountainous country with 

an average elevation of 

910m above sea level. 

Austria is bordered by Italy 

to the south, Slovenia to 

the southeast, Hungary 

to the east, the Czech 

Republic to the north, Germany to 
the northwest, and Liechtenstein 
and Switzerland to the west. 


ustria contains a wide variety of minerals, 
especially iron ores and magnesite. Among the 
other principal resources are lignite, rock salt 


and zinc. Also mined are antimony, graphite, gypsum, 
kaolinite, lead ore, mica and talc. 


A The pyramid-shaped Grossglockner, in the Hohe 
Tauern national park, is the highest mountain in Austria. 
The Grossglockner high alpine road (on the left) offers 
tourists a chance to get close to the peak. 


The lie of the land 

Austria is located mainly in the eastern Alps. The 
highest point in the country is Mount Grossglockner 
(3798m). To the north of the Alps lies a hilly, 
subalpine region which extends to the banks of the 
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On the mineral trail: 


> A lake in the Steiermark 
region of Austria. 

This area has seen 
extensive mining since 
the Bronze Age. 


Y A mountain meadow with 
a glacier in the background 
in the Kárnten region of 
southern Austria, which is 
also known as Carinthia. 


River Danube. To the north of the Danube are 
mainly wooded foothills, while the lowlands to the 
east of Vienna, the capital, form the western 
extremity of the Great Hungarian Plain. 


Magnesite and iron ore 

Austria is an important producer of magnesite, an 
industrial source of magnesium carbonate which is 
used extensively in the chemicals industry. More 
than 700,000 tonnes of this mineral were produuced 
in 2006, principally in the Karnten region. 

The Steiermark region contains rich supplies 
of iron ore, which is extracted by open-cast mining 
at Eisenerz and sent for processing in Linz. By the 
early 2000s, almost 2 million tonnes were being 
produced annually. 

Steel and related engineering work account for 
nearly a third of industrial output: the LD Process — 
a method of producing oxygen-blown steel which is 
now licensed throughout the world — takes its name 
from the initial letters of Linz and Donawitz. 

Most of Austria's natural gas and oil comes from 
Zistersdorf and is processed at a refinery at 
Schwechat. 

Among Austrias numerous minerals is 
tennantite, a copper ore, which is found in Schwaz. 
There are fine crystals of pyrrhotite at Leoben. 


4 The Austrian Parliament building in Vienna. Designed 
in the classical Greek style, it was completed in 1883. 
The figures at the base of the fountain in the 
foreground represent four rivers, while a statue of 
Athena, the goddess of wisdom, dominates the whole. 
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ə Adam Sedgwick 


Adam Sedgwick (1785-1873) was an English academic who carried out 
extensive geological fieldwork in Scotland and Wales. He concentrated 
particularly on the strata of about 500 million years of age which 
display a marked unconformity with underlying rocks. He termed sedimentary 
rocks of this age and type the Cambrian series. 


dam Sedgwick was born in the village of Dent, 
nv (England), on 22 March 1785. 

He went to school in nearby Sedbergh and 
then won a place at the University of Cambridge, 


where he read mathematics. In 1810, he became a 


fellow of Trinity College. 


Change of tack 

Eight years later, the university appointed Sedgwick 
professor of geology. Sedgwick immediately justified 
the university's faith in him by bringing the study of 
geology into the mainstream of Cambridge life. He 
undertook numerous geological expeditions and, in 

e 1827, linked up with the distinguished geologist 

Roderick Impey Murchison in a joint investigation eT 
into the history and nature of rock strata in north and m nja 
west Scotland. aenar E 


PAN, 
T s 


Cambrian Period 

In 1829, Sedgwick was elected president of the 
Geological Society of London, and two years later he 
began detailed fieldwork on the geology of north 
Wales. In this part of the British Isles, the oldest 
sedimentary rocks containing fossils are about 500 
million years old. Sedgwick established a chronological 


v A mass of graptolite fossils of the genus 
Monograptus. One species of this fossil has been named 
Monograptus sedgwickiin honour of Adam Sedgwick. 


A Adam Sedgwick, who 
made an outstanding 
contribution to the fund 
of knowledge about 

the nature, age and 
formation of Lower 
Palaeozoic strata. 
Although Sedgwick's 
research was carried out 
in Scotland and Wales, 
similar strata may be seen 
all over the world. 
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Adam Sedgwick E 


order for the formation of the local rocks and gave 
the strata the collective name Cambrian, from 
Cambria, the Latin for ‘Wales’. 


New findings 

Together, Murchison and Sedgwick then made a 
detailed study of the shales and sandstones of Devon 
(England) and named the unit of time in which these 
rocks were formed the Devonian Period (now dated 
at between 417 million and 354 million years ago). 
Their findings were presented to the Geological 
Society in 1839 in a paper entitled ‘On the Physical 
Structure of Devonshire’. 


Breaking bonds 

The partnership between Sedgwick and Murchison 
broke up over a dispute about the naming of Early 
Palaeozoic rocks, which overlie Cambrian strata and 
were later named Ordovician. In 1855, Sedgwick 
published his greatest work, A Synopsis of the 
Classification of British Palaeozoic Rocks. 


A Adam Sedgwick was puzzled by these overfolded 
strata at Jangye Ryn in Cornwall (England). He described 
them as ‘difficult to account for by the mere action of 
mechanical forces’, although later research has revealed 
that that is exactly what caused them. 


Adam Sedgwick died on 27 January 1873. The 
Sedgwick Museum, at Cambridge, was opened in 
1903 as a lasting memorial to his life and work. 
Another memorial to Sedgwick is to be found in Dent 
village, where he was born. This is a large piece of Shap 
granite bearing his name. Not far away, the Sedgwick 
Geological Trail has been established, where Palaeozoic 
rocks can be seen exposed at the sides of a stream. 


A Conglomerates exposed 
on the surface of the 
Earth after erosion caused 
by the action of the 
stream. These can be 

seen on the Sedgwick 
Geological Trail near 
Sedbergh, Yorkshire 
(England). 


4 Folded limestone of 

the type studied and 
described by Adam 
Sedgwick. This deposit lies 
near Sedbergh on the 
Sedgwick Geological Trail. 
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Seismology 


Seismology is the study of shock waves, including those produced 
by earthquakes. A branch of geophysics, this science provides a wealth of 
information about the composition of the Earth. 


eismology is used to locate underground 

structures which may contain oil, natural gas or 

other valuable mineral resources. It is also used 
by scientists researching changes within the Earth’s 
interior and the properties of the planet as a whole. 


Prediction 

In recent years, scientists have developed methods of 
predicting earthquakes and assessing the risk of seismic 
activity at different locations. 


> The visual display shown by a seismograph at the 
University of Tokyo (Japan) during the earthquake that 
devastated the nearby city of Kobe on 16 January 1996. 
This quake measured 7.1 on the Richter Scale and killed 
more than 5000 people. (For a detailed account of the 
Richter Scale, see The Story of the Earth 36.) 


v Volcanic activity at Poas (Costa Rica). Volcanic activity 


may be predicted to some extent by seismic monitoring. 
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Seismology 


A byproduct of this line of study has been the 
discovery that earthquakes may be caused by human 
activity. While it is perhaps not surprising that 
underground nuclear testing can trigger earthquakes, 
it has been found that tremors may also be caused by 
the construction of high dams and by the injection 
of fluids into deep wells (a practice employed by 
oil drillers). 


Measuring waves 

The movement of underground faults that causes 
tremors is detected by setting off controlled 
explosions and measuring the time taken by the 
shock waves to return to the surface of the Earth. 


A Even the small-scale 
faulting shown here 
produces displacement of 
the Earth's surface and 
corresponding seismic 
activity. The movement in 
this fault may be seen 
clearly by tracing the 
banding in the gneiss. 


< A Geologists using a 
theodolite (a device for 
measuring horizontal and 
vertical angles) during 
seismic research on the 
Isle of Skye (Scotland). 


4 This laser system E] 
at Parkfield, California 

(USA), is used to monitor 
movement of the San 

Andreas Fault. 
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bowen 


Bowenite is 
[os cuml a variety of 
— —- antigorite, 
a member of the 
serpentine group. 


owenite Is transparent or 
translucent, and is generally green, 
although some specimens may be 
yellowish green. It is named after G.T. 
Bowen, the US mineralogist who, in fact, 
wrongly identified it as nephrite in 1822. It was not 
until 1850 that another US scientist named J.D. Dana 
was able to show that this identification was incorrect, 
and it was at Dana’s instigation that the material was A Translucent green 
named in honour of Bowen. bowenite. 


Resemblance to nephrite 

Bowenite is the gem variety of antigorite, a silicate of 
magnesium and iron. Bowenite resembles nephrite so 
closely that the two materials were originally thought 
to be identical. 


Serpentine group 
Antigorite is a member of the serpentine group of 
minerals, which also includes chrysotile and lizardite. 


A A specimen of antigorite, 
of which bowenite is a 
green form. 


4 Gem-quality bowenite 
pebbles. The term 
bowenite is used loosely 
to describe any 
translucent, green 
serpentine. 


BO 


CHARACTERISTICS 


Bowenite beongs to the silicate group of minerals, of 
which the serpentines are a subgroup. Each molecule 
is composed of three atoms each of magnesium and 
iron, together with two atoms of silicon, five atoms of 
oxygen and four molecules of the hydroxyl radical 
(chemical formula OH). 

Bowenite conforms to the monoclinic system of 
crystal symmetry, in which no crystallographic axis is 
the same length as any other. However, crystals are 
extremely rare and very tiny. Bowenite normally 
occurs in massive (shapeless) form. 

When bowenite is subjected to pressure, it will 
split cleanly along its weakest structural planes, 
displaying perfect cleavage. 

Bowenite is very soft, registering only 27-37 on the 
Mohs Scale of hardness. It weighs just over two and a 
half times more than the equivalent volume of water 
at room temperature. 


Y Grey antigorite. 


These silicates are closely related to the chlorites 
(another silicate group that includes the 
minerals clinochlore and pennantite), and 

the kaolinites (an important group of 

clay minerals including nacrite and 

kaolinite itself). 


The cut 


Bowenite’s value as a gemstone is 
limited by its softness: it scores only 
24-34% on the Mohs Scale, and it may 
be easily scratched with the blade of a 
knife. Nevertheless, bowenite may be 
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rocks that originally formed through igneous activity 
deep beneath the surface of the Earth (igneous 
rocks). It is a secondary mineral created through the 
alteration of pre-existent (primary) minerals such as 
olivine and orthopyroxene. 

Bowenite is found at Smithfield, Rhode Island 
(USA), and this is said to be the type locality. The type 
locality of antigorite is at Valle di Antigorio, 
Piedmont (Italy). 

Other sources of bowenite are found in China, 
New Zealand, and California and Utah (USA). 


FACT FILE 
BOWENITE 


Group: Silicates 

Crystal system: Monoclinic 
Chemical formula: (Mg,Fe);Si;0s( 0H); 
Hardness: 2/—3/ 

Density: 2.61 

Cleavage: Perfect 

Fracture: Conchoidal to uneven 
Colour: Green, yellowish green 
Streak: White 

Lustre: Dull 

Fluorescence: None 


polished into ornamental slabs, and the finest 
specimens are used to simulate jade. 


Tests and treatment 

Bowenite melts (fuses) only with difficulty when 
placed in an open flame. Unsightly impurities may be 
removed by carefully wiping the affected surfaces with 
dilute hydrochloric acid. 


v Pale green bowenite. 
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of grossular garnet, a 
member of the garnet 
group, and is sometimes 
used as a gemstone. 


essonite is the orange-brown 
variety of grossular garnet. The 
name derives from the Greek 


word hesson, meaning ‘inferior’: this is a 
reference to the fact that the stone is generally 
regarded as less valuable than the similar gemstone 
zircon. Hessonite has also been known as essonite or 


cinnamon stone. 

Hessonite has been used to make jewellery since 
the earliest times. The oldest surviving specimens are 
brooches with sunken designs called intaglios, which 
were made in Ceylon (present-day Sri Lanka) in the 
second century BC. 

The ancient Greeks and Romans fashioned the 
stone into brooches and smooth domed cabochons. 
Mixed cuts and brilliants were also popular. 


SEA 


CHARACTERISTICS 


Hessonite is a variety of grossular garnet and is a 
member of the silicate group of minerals. Each 
molecule is made up of the metallic elements 
calcium and aluminium combined with silicon 
and oxygen. 

Crystals of hessonite conform to the cubic system 
of symmetry. Hessonite also occurs as massive (of no 
particular shape) specimens and as grains. 

The colours of hessonite are caused by the 
presence of small quantities of iron and manganese. 
It has a white streak and a vitreous to resinous lustre. 

Hessonite is hard, scoring about 67 to 7 on the 
Mohs Scale: it can scratch glass, steel and copper 
very easily. It has no cleavage and this makes it 
particularly suitable for fashioning into jewellery 
and other forms of ornamentation. It weighs 
approximately three and a half times more than the 
equivalent volume of water at room temperature. 


4 A The photographs on this page show two groups of 
finely developed hessonite crystals. Both specimens 
were found in metamorphic rock (Turin, Italy). 
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Semi-precious stone 


The cut 

When hessonite is faceted, the preferred cutting angle 
along both crown and pavilion surfaces is 40°. (For an 
explanation of gem-cutting techniques, see Discovery 


9 and 11.) 


Correct identification 

Although hessonite had been known for thousands 
of years, it was not until the late 17th century that 
detailed scientific analysis showed it to be different 
from the somewhat similar zircon. 


Garnet group 

Hessonite is a variety of grossular garnet, one of a 
group of hard, glassy minerals that are silicates of 
aluminium, calcium, chromium, iron, manganese and 
magnesium. The chemical make-up of all garnets is 
extremely complicated. The proportion of each 
component metal may vary, in a process known as 
continuous atomic substitution. 


Close relatives 
Hesssonite’s closest relatives 
are andradite and uvarovite. 
Other garnets include 4 
almandine, pyrope and 
spessartine. 


> A hessonite gemstone ND 
with oval cut. 


Hessonite occurs in various metamorphic 

rocks, formed by both contact and regional 
metamorphism. It is often found in schist, marble 
and serpentinite. 

Fine specimens of hessonite come from 
Madagascar and Sri Lanka. Among other prime 
locations are Quebec (Canada); Zacatecas (Mexico); 
and California and Vermont (USA). 


FACT FILE 


HESSONITE 


Group: Silicates 


Crystal system: Cubic 
Chemical formula: Ca;AL(Si0;); 
Hardness: 6/—7 

Density: 3.4-3.6 

Cleavage: None 


Fracture: Conchoidal 


Colour: Yellow, orange, brown 
Streak: White 
Lustre: Vitreous to resinous 


Fluorescence: None 


Y A group of hessonite crystals with a glassy (vitreous) 
lustre (Genoa, Italy). 


On the mineral 
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The Republic of 
Bulgaria occupies 

an area of just over b 
111,000 sq. km in the Pu 


Balkan Peninsula of i Lomi) 
southeast Europe. : quos 
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Greece, and in the 
west by Macedonia 
and Serbia. Most of 
Bulgaria's northern 
frontier runs along 
the southern bank 
of the River Danube. 


Major mineral deposits 


» An upland meadow 
with the Balkan 
Mountains in the 
background. The exposed 
rocks are limestone. 


ulgaria contains a wide range of valuable 
minerals, the most important of which 
are copper, iron, lead and zinc ores. There 


are also extensive deposits of oil and natural gas 


in the Black Sea. 


The lie of the land 

Bulgaria may be divided into four main areas. The 
north of the country consists of a low-lying plain 
around the River Danube. Immediately to the south 
lie the Balkan Mountains, which reach an average 
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On the mineral tra 


height of 722m. Further south again are the basin of 
the River Maritsa and the Rhodope Mountains. This 
range is generally higher and more rugged than the 
Balkan Mountains and contains many snowfields and 
lakes of glacial origin, together with Bulgarias highest 
mountain, Musala Peak (2925m). 


Coal and iron ore 

Bulgaria has a wide range of metallic and non-metallic 
resources. The most important of these is coal, which 
is found in 40 basins containing an estimated four 
billion tonnes of reserves, principally of low-grade 
brown coal called lignite. The main coal-mining areas 
are between Pernik and the capital, Sofia, at Stara 


A The Veleka River, where it enters the Black Sea 
in southeast Bulgaria. The waters of the river are 
exceptionally clean and are home to more than 30 
species of fish, while its banks give shelter to an 
abundance of wildlife. 


«4 Ruins of the ancient Thracian city of Perperikon in 
the Rhodope Mountains. Archaeologists believe that 
humans have inhabited the site since 5000 Bc. 


Zagora, Dimitrovgrad and at Lom on the River 
Danube. 

Bulgaria is believed to contain over 300 million 
tonnes of iron ore. However, due to fluctuating 
economic conditions since the end of the Communist 
era, these reserves have not yet been fully exploited. 
Production of iron ore in 2003 totalled 466,000 
tonnes, but dropped to 80,000 tonnes in 2005. 
The largest sources of iron ore are at Kremikovtsi 
on the outskirts of Sofia, where there is also a large 
metallurgical plant, at Mikhaylovgrad and Yambol. 


Other resources 

Bulgarias non-ferrous metals are scattered in small 
deposits across the Balkan and Rhodope mountain 
ranges. The main products are lead (25,000 tonnes in 
2006) and zinc (17,000 tonnes). There is also a small 
but significant amount of silver. 

Bulgaria contains large quantities of gypsum, 
china clay, limestone and rock salt (halite). Each 
year, the country produces more than five million 
tonnes of cement and almost a million tonnes of 
nitrogen fertiliser. 


Blue quartz is a rare 

coloured form of quartz 

that contains a wide range 
of inclusions. 


s we have seen elsewhere in Treasures of the 
A in the article on quartz, all forms of 

quartz are made up of silica, a naturally 
occurring compound of silicon and oxygen with 


the chemical formula SiO». Although quartz is 
sometimes classified as a silicate, it is in fact an oxide. 


Sapphire quartz 

Blue quartz is sometimes known by the alternative 

name sapphire quartz. The classic location is at 

Golling, near Salzburg (Austria), and this is the 

type locality of blue quartz. Blue coloured quartz gets its colouring 


from microscopic inclusions of other minerals, 
Other coloured forms mainly the fibrous form of crocidolite, or 
Many colour varieties of quartz have their own riebeckite. Such inclusions are so minute that 
names. For example, white quartz is called milky they are invisible to the naked eye, a hand lens 
quartz, pink quartz is rose quartz, yellow is citrine, or even a low-powered microscope. 
purple quartz is amethyst, dark brown quartz is 
cairngorm, blackish quartz is morion and green Hard and prismatic 
coloured quartz is called prase. Colourless quartz is As with other forms of quartz, blue quartz is hard, 
known as rock crystal. defining point 7 on the Mohs Scale of hardness. 


< A The photographs on 
this page show crystals 
of blue quartz from the 
Apennine Mountains near 
Bologna (Italy). The colour 
of these specimens is 
caused by the presence 
of minute inclusions. 


Rare mine 


BLUE QUARTZ 


Group: Oxides 


Crystal system: Trigonal 


Chemical formula: SiO; 


Hardness: 7 


Density: 2.65 


Cleavage: None 
Fracture: Conchoidal 


Colour: Blue, grey-blue 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


It has an average density of 2.65 and lacks cleavage. 


This is a good property for helping to identify 
quartz from other hard, pale coloured minerals. 
Quartz forms prismatic six-sided crystals which 
are classified in the trigonal system of crystal 
symmetry. They are often topped with pyramids. 


Ornamental use 

Some specimens of blue-coloured quartz are 
tumbled into small smooth rounded shapes for 
ornamental use. 


Y Arock containing blue quartz from Brazil. 
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Blue quartz is classified as a member of the oxide 
group of minerals (but see main text). The basic 
components of each molecule are one atom of 
silicon and two atoms of oxygen: also present 
are minute inclusions which do not appear in the 
chemical formula but which are responsible for 
the distinctive blue colour. 

Crystals of blue quartz conform to the trigonal 
system of symmetry and occur in prismatic habit. 

Blue quartz has a white streak: this is the colour 
that all specimens would be if they were reduced 
to powder. 
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ik all forms of quartz, the blue variety may occur 
in all the main rock types; in rocks that formed 
originally through igneous activity deep beneath the 
surface of the Earth (igneous rocks); in rocks that 
have been altered by heat and/or pressure 
(metamorphic rocks); and in sedimentary rocks. 

The world's principal sources of blue quartz are 
found in the following locations: Boquira, Bahia 
(Brazil); Karnataka (India); and Arizona, California, 
Montana and Washington (USA). 
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Cancrinite 


Cancrinite is an uncommon, 
but widespread, mineral that 
usually occurs in igneous rocks. 


ancrinite may be yellowish, colourless, white, 
bluish, orange, pink or reddish. It is named 
after Count G. Cancrin (1774-1845), 


a Russian finance minister. 


Cancrinite and vishnevite 

Cancrinite is closely related to vishnevite, and 

the two minerals may be difficult to distinguish 
without close examination. The main difference 
between them is their chemistry. Vishnevite is a silicate 
of sodium, calcium and potassium, and also contains 
the sulphate and carbonate radicals, whereas cancrinite 
is a silicate of sodium, calcium and aluminium with 
the carbonate radical. 


Translucent crystals 

Cancrinite crystallises in the trigonal system of 
symmetry as small prismatic crystals, though these are 
very rare. The crystals are translucent or transparent, 


A> A massive specimen of cancrinite from the 
mineralogical collection of the Natural History Museum, 
London (England). 


A Fragments of yellowish cancrinite in nepheline 
syenite (Maine, USA). 


FACT FILE 
CANCRINITE 


Group: Silicates 

Crystal system: Trigonal 

Chemical formula: NasCa,Al,Sig024(CO5), 

Hardness: 5-6 

Density: 2.42-2.51 

Cleavage: Perfect 

Fracture: Uneven 

Colour: Yellowish, colourless, white, bluish, orange, pink, reddish 


Streak: Colourless 
Lustre: Vitreous, pearly or greasy 
Fluorescence: None 


CHARACTERISTICS 


Cancrinite is a member of the silicate group of 
minerals. Each molecule is composed of six atoms 
of sodium, two atoms of calcium, six atoms of 
aluminium, six atoms of silicon, 24 atoms of oxygen 
and two molecules of the carbonate radical 
(chemical formula CO). 

Crystals of cancrinite conform to the trigonal 
system of crystal symmetry but are rare. Most 
specimens of this mineral are massive aggregates. 

Cancrinite is fairly hard, registering 5-6 on the 
Mohs Scale of hardness, and has perfect cleavage. It 
has average density, weighing about two and a half 
times more than the equivalent volume of water at 
room temperature. 


Widespread mineral 


cancrinite occurs as massive (shapeless) specimens. 
Though it is commonly yellowish in colour, 
cancrinite may be a variety of colours ranging from 
white to orange, pink, bluish and reddish. The streak is 
colourless. 
A silicate of sodium, calcium and aluminium, 


~ Cancrinite is a widespread mineral that occurs in 
various igneous rocks, where it may be formed as 
a primary mineral or as a product of the alteration 
of nepheline (an aluminosilicate of sodium and 
potassium). Cancrinite in syenites is often associated 
with sodalite (sodium aluminium chloride silicate). 
Cancrinite is found in the following locations: 
Brazil; Bancroft, Ontario (Canada); China; Democratic 
Republic of the Congo; Greenland; India; Kenya; the 
Fen complex (Norway); Romania; the Kola Peninsula 
(Russia); Uganda; and Iron Hill, Colorado (USA). 


cancrinite occurs when minerals such as nepheline 

are altered by fluids circulating through igneous rocks. 
This mineral has also been found in metamorphic 
rocks of high grade, such as gneiss. It has a typical 
silicate density of around 2.5 and its hardness is from 
5 to 6 on the Mohs Scale. 


Tests and treatment 
Cancrinite gives off an effervescent fizz when placed in 
concentrated hydrochloric acid and dissolves, leaving 
behind a gel of silica (silicon dioxide). When placed in 
an open flame, it melts (fuses) easily into white glass. 
Specimens of cancrinite should be cleaned with 
distilled water only — ordinary tap water contains 
impurities that may damage the crystal surfaces. 


A A specimen of 
cancrinite, which can 

be formed through the 
alteration of pre-existent 
nepheline. 


A 4 Granitic rock with 
patches of cancrinite 
(Maine, USA). 


4 Tiny yellowish crystals 
of cancrinite in nepheline 
syenite (Maine, USA). 


and they have a vitreous or pearly lustre. Usually N ij 


Laterit 


An important source of 
aluminium ore, laterite is 
closely associated wih bauxite. 


aterite is a sedimentary rock named after its 
brown or reddish colour — the word derives 
from the Latin /ater, meaning ‘brick’. 

Laterite is composed mainly of insoluble hydrated 
oxides of aluminium and iron. It is formed through 
the action of weathering on or near the surface of the 
Earth in tropical and sub-tropical regions where the 
climate is humid. 

As with many rocks, the mineralogical components 
of laterite may vary considerably. However, most 
laterite deposits contain an abundance of the iron 
oxide minerals goethite, hematite and lepidocrocite. 
In addition, they may contain hydrated oxides of 


aluminium, the most common of which is gibbsite, 
and titanium oxides such as brookite. 


A This reddish brown laterite has been formed by 
weathering processes on pre-existent rocks in the 
humid environment of Hawaii (USA). 


LATERITE 


Type: Sedimentary rock 


Essential components: Bauxite, goethite, hematite, lepidocrocite 


Secondary components: Gibbsite, boehmite, diaspore 


Colour: Reddish brown 


Texture: Inequigranular 


Grain size: Fine to medium 


Density: 3.0-5.0 


4 A specimen of gibbsite (aluminium hydroxide), 
the commonest aluminium-bearing mineral found in 
laterite (Greece). 
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A Bauxite, shown here, is an important component of laterite 
(Provence, France). 


A Weathered basaltic laterite on the Isle of Skye (Scotland). Rocks such 
as these are sometimes known as red bole. 


Porous rock 

Laterite often resembles clay and, like clay, has 

a great capacity to absorb water. But, unlike clay, 
laterite is low in silica because nearly all traces of this 
are transported away by waters passing through the 
soil — in scientific terms, this weathering process is 
known as leaching. 


Appearance 

Laterite is commonly soft and light in colour when 
freshly broken, but hardens and becomes darker on 
prolonged exposure to water in the atmosphere. 
Although some laterite deposits have a pea-like 
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components of laterite are variable, 
most deposits contain goethite, 
hematite and lepidocrocite (naturally 
occurring iron oxides). 

The main accessory material in 
laterite deposits is bauxite. The 
principal ore of aluminium, bauxite is 
a rock that may contain - among 
other things - the minerals boehmite 
and diaspore (hydrous aluminium 
oxides) and gibbsite (aluminium 
hydroxide). 

Most notable among the 
wide range of accessory materials 
which may occur in laterite are 
garnierite and pentlandite. The most 
economically important deposit of 
this type, in Cuba, is one of the world's 
most valuable sources of nickel. 


ORIGINS and 
DISTRIBUTION 


Laterite is a product of leaching, a 
chemical weathering process that 
removes nearly all the minerals from 
the rocks in which it occurs, apart 
from insoluble compounds of 
aluminium and iron. Laterite is found 
as a sedimentary rock in many parts 
of the world which are now, or were 
once, tropical and have (or had) 
clearly defined wet and dry seasons. 
Some of the most extensive 
laterite deposits are found in the 
following locations: Cuba; Les Baux, 
Provence (France); Germany; Greece; 
Anatolia (Turkey); and Arizona (USA). 


(pisolitic) appearance, others have a pock-marked A This laterite from Arizona (USA) contains gibbsite 


(scoriaceous) surface that resembles lava. 


(aluminium hydroxide) and various oxides of iron. 
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Tourmalinated 
quartz is a form of 
clear quartz with 
inclusions of tourmaline 
embedded in the stone. 


hese inclusions are generally 
thread-like or prismatic 
crystals of black or green 
tourmaline, which is also known 
as schorl. 


Found in granite 

Prismatic crystals of tourmaline occur in various 

geological situations, but mainly in igneous rocks 

(especially granites) and metamorphic rocks. 
Granite is a rock formed by the consolidation of 

magma deep in the Earth’s crust. Often, especially 

when the body of magma is large (a pluton or 


A Thin, dark prismatic crystals of tourmaline embedded 
in quartz (silicon dioxide). 


batholith may be many miles in diameter), it can take 
millions of years for the magma to cool and become 
rock. Towards the end of the cooling period, residual 


CHARACTERISTICS 


There are many varieties of tourmaline, all of which 
are complex silicates containing aluminium and 
boron. Among the main forms are: 
dravite (a borosilicate of sodium and magnesium) 
elbaite (a borosilicate of sodium and lithium) 
schorl (a borosilicate of sodium and iron) 
uvite (a borosilicate of calcium or sodium and 
magnesium or iron). 
Tourmaline may display a variety of colours, even 
within a single crystal. This effect may be enhanced 
by a casing of quartz, as incoming (incident) white 


light is broken up into its spectral components (see 
box overleaf). 


4 Black prismatic crystals of tourmaline set in quartz 
and feldspar (Cornwall, England). 
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Semi-precious stone 


fluids (often water based) are in abundance. These 
fluids are able to alter existing minerals in both the 
granite and in veins in the surrounding country 
(host) rock. 

Tourmaline commonly occurs in these veins and 
in the granite itself, often as fine prismatic crystals. 
The mineral is thus usually associated with feldspar, 
mica and quartz (the essential component minerals in 
granite). In tourmalinated quartz, tourmaline is 
found embedded in quartz. 


A Pinkish tourmaline in pale quartz. 
This variety is known as rubellite 

(a borosilicate of aluminium that is 
substantially free of iron and magnesium). 


> Crystals of the pink rubellite variety of 
tourmaline embedded in quartz. 


4 Dark prismatic crystals 
of tourmaline embedded 
in grey quartz (silicon 
dioxide). The crystals are 
arranged in parallel giving 
a layered appearance. 


Tourmaline has a wider range of colours than 
almost any other mineral or gemstone. Some of 
the finest prismatic crystals may display different 
colours, depending on the direction of the light 
source and the angle from which they are viewed. 
This effect - which is known in scientific terms as 
pleochroism - may be enhanced when the gem is 
encased in quartz. In combinations of this type, 
incoming (incident light will be broken up twice - 
once when it passes through the mineral, and then 
again when it passes through the tourmaline. 


A healing stone 

Tourmalinated quartz is regarded by many as a healing 
stone that is believed to neutralise negative thoughts, 
and to help with depression and nervous exhaustion. 


ẹṣ An artificial product, cubic 
zirconia is the cheapest, most 
convincing and most widely 
available substitute for diamond. 


ubic zirconia has made realistic diamond 

substitutes affordable by more people than 

ever before. Like diamond, it crystallises in 
the cubic system of symmetry; it is colourless, 
although the presence of impurities may cause some 
specimens to be brown, pink, purple, red or yellow. 
Its full scientific name is stabilised cubic zirconium 
oxide, but it is more commonly known as cubic 
zirconia or CZ. 

Since the early 1970s, artificial cubic zirconia has 

become the most successful imitator (simulant) of 


diamond. It is made chemically stable by adding 
15-18 per cent yttrium oxide (chemical 

formula Y;O;) or alternatively 5-8 

per cent calcium oxide (CaO) to 

zirconium oxide (ZrO;). 


Skull melt process 

These compounds are joined 

together chemically by a 

complex method known as 

‘skull melt’, which involves 

extremely high temperatures. 

The process gives the product the 
appearance of a loose association 

of irregular, transparent crystals. 

These crystals are surrounded by a light 
crust, forming the outside of the ‘skull’. 


CHARACTERISTICS 


Cubic zirconia is an artificial product, produced by 
stabilising zirconium oxide by the addition of yttrium 
oxide or calcium oxide. 

This imitation gem material crystallises in the 
cubic system. It scores about 8% on the Mohs Scale of 
hardness - this is high, but not as high as corundum 
(which registers 9) or diamond (10). Cubic zirconia has 
a density of 5.65, almost twice that of diamond. 

Cubic zirconia refracts light well, but slightly less 
well than diamond. 


A A cubic zirconia cut to have a rounded outline. 
This popular style is known as the brilliant cut. 


< Cubic zirconia in a square cut with bevelled 

edges. It is generally very difficult to tell the 

difference between this artificial gemstone 
and a genuine diamond. 


v The cutting and polishing processes used 
to shape cubic zirconia are the same as 
those used on diamond. With cubic zirconia, 
however, mistakes are less costly. 


Artificial gem 


> A beautiful cubic zirconia pendant. 


Djevalite and Phianite 
Cubic zirconia manufactured by 
the Djevahirdjian Company 
(Switzerland) is marketed under 
the trade name Djevalite. Another 
form, produced by the Lebedev 
Physical Institute in Moscow 
(Russia), is sold under the name 
Phianite. 


The cuts 

The finest cubic zirconia is 
colourless, perfectly transparent 
and has a diamond-like sheen 
(adamantine lustre). It may be cut 
with great precision to give sharp 
facet edges. When it is fashioned 
into brilliants, ovals or similar fancy cuts, it is hard to 
distinguish it from diamond, but the step cut tends 
to make it look duller. 


Density 
The key difference between cubic zirconia and 
diamond is that the artificial product is heavier. 
Cubic zirconia has a density of 5.65, while that of 
diamond is about 3.5. If two loose stones of similar 
size — one cubic zirconia, the other 
diamond — are held in the hand, the 
difference in weight may easily 

be felt. 


Baddeleyite , 
Although small quantities 

of zirconium oxide occur EE 
naturally in the form of 
baddeleyite, this mineral g 
is very rare and cannot He 
be used to simulate 
diamond because its 
crystals are monoclinic. 


A The cubic zirconia in this ring contains yellow 
impurities which make it resemble a yellow diamond. 


HOW TO TELL THE DIFFERENCE 


Although artificial cubic zirconia closely resembles 
diamond, gemmologists can quite easily tell the 
difference between the synthetic product and the 
real thing. 

To the experienced eye, cubic zirconia brilliants 
may show slightly higher levels of dispersion (fire) in 
bright light than diamond. If they are viewed from 
above and then tilted, cubic zirconias may reveal a 

dark area through the table facet instead of 
reflecting all the incoming (incident) light. 
Sometimes the girdle of the artificial 
gemstone may have diagonal grooves 
(striations), which also distinguish it 
from genuine diamond: 

One of the main reasons for 
the success of cubic zirconia as an 
imitation diamond is that it is very 
cheap to produce it costs about 
the same as synthetic spinels and 

synthetic corundum. 


4 A cubic zirconia ready for 
mounting on a ring. 


4 A genuine 
yellow diamond. 
It is hard to tell 
the difference 
between this 
stone and the 
one in the ring 
left. 
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Fire opal 


we Fire opalis a hydrated form 
z p of silica. It is occasionally 
“used as a gemstone. 


he dominant colours of fire opal are orange, 
red and yellow. When a specimen is held in 
a warm hand, it may display a flame-like 


play of light. 

The finest fire opals are 
a rich and consistent red 
colour throughout. 
Although their use as 
gemstones is limited, they 
are occasionally fashioned 
into brooches, rings and 
other forms of jewellery. 
The most popular styles 
are the brilliant, the 
cabochon and the step 
cut, and the preferred 
cutting angles are 40—50° 
along the crown and 43° 
along the pavilion surface. 

Although many fire 
opals are uniformly 


4 This fire opal, which 
has been fashioned into 
a cabochon, has the 
characteristic rich 

red colour. 


Y An unworked specimen 
of fire opal, showing the 
high lustre of this material. 
The play of colour can 
change when the gemstone 
is warmed. 


4 A group of rough and 
polished opals. 


FACT FILE 


FIRE OPAL 


Group: Oxides 


Crystal system: None 
(amorphous) 


Chemical formula: Si0,.nH,0 
Hardness: 5/—6/ 

Density: 1.9-2.3 

Cleavage: None 


Fracture: Conchoidal 


Colour: Orange, red, yellow 
Streak: White 
Lustre: Vitreous to greasy 


Fluorescence: Green or yellow 
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CHARACTERISTICS 


Like all varieties of opal, fire opal is a form of silica and 


is generally classified as a member of the oxide group 
of minerals. In addition to silicon and oxygen, fire 
opal has a number of attached molecules of water 

of crystallisation. 

Fire opal is a solidified gel which cannot be shown 
to conform to any of the seven crystal systems: it is 
therefore described as amorphous. 

A play of colours is sometimes caused by the 
presence of microscopic inclusions - these are 
principally oxides of iron and manganese. 

Fire opal may exhibit a yellow or green light when 
placed under an ultraviolet lamp. The scientific term 
for this effect is fluorescence. 

Being a variety of opal, fire opal has no cleavage 
when broken. It is fairly hard, registering 5% to 64 on 
the Mohs Scale of hardness, and its density of 1.9-2.3 
is well below average. 


coloured, some specimens may display an attractive 
play of colours when warmed slightly — for example, 


by holding them in the hand. 


Cristobalite 

Opal is amorphous — that is, it is noncrystalline. 
However, some specimens have been shown to 
contain microcrystals of cristobalite, a form of quartz 
which may conform to either the tetragonal or the 
cubic system of symmetry. 


Tests 

Although fire opal is both insoluble and infusible, 

it will decompose when heated, sometimes turning 
into chalcedony or quartz as the water molecules are 
driven off. 


Most opal is deposited at low temperatures from 
silica-rich waters, particularly in sedimentary rocks 
around geysers and hot springs. It may also form as 
an infill in fissures in igneous rocks. 

The world's finest fire opals have been found in 
trachyte rocks at Hidalgo (Mexico). 

Fire opals have also been found in Australia, Brazil, 
Canada, Ethiopia, Guatemala, Turkey and the USA. 


A An uncut blue opal that 
originated in Australia, 
where many of the best 
opals are found. 


<A rough specimen with 
a hint of fire opal. The 
stone may be cut to 


enhance this quality further. 
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MINERALS 


Chrysotile is a fibrous 
member of the serpentine 
group of minerals. 
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( N hrysotile may be green, grey, white, yellow or 
i: brown. Its name is derived from the Greek 
NLS bhrusos, meaning ‘gold’ (a reference to the 
yellow varieties), and tilos, meaning ‘fibre’ or ‘thread’. 

Chrysotile is one of the most common and 
widespread members of the serpentine group of 
minerals. There are two main forms of chrysotile: 
clinochrysotile, which is classified in the monoclinic 
system of symmetry, and orthochrysotile, which 
belongs to the orthorhombic crystal system. For many 
years, ‘chrysotile was the source of about 95 per cent of 
all the asbestos in commercial use. 


A Chrysotile with typically 
fibrous habit and a 
distinctive silky lustre (USA). 


4 This greatly enlarged, 
colour-enhanced close-up 
of chrysotile clearly 
shows the characteristic 
interweaving of the 
mineral's thread-like 
fibres. 


v Fibrous chrysotile from 
Canada. 


. Chrysotile is a member of the silicate group of 
|. minerals. Each molecule is composed of three atoms 
| of magnesium, two atoms of silicon, five atoms of 
. oxygen and four hydroxyl ions (chemical formula OH). 
Crystals of clinochrysotile conform to the 
monoclinic system of symmetry, while those of 
orthochrysotile are in the orthorhombic system. 
Chrysotile usually occurs as fibrous aggregates. It is | 
[3 unusual in that when broken, it displays no cleavage. - 
Chrysotile is a soft mineral, scoring only 27 on the | 
Mohs Scale of hardness. It weighs 2.53 times more 
than the equivalent volume of water at room 
temperature. 


Widespread mineral 


A Chrysotile in a greatly enlarged, colour-enhanced 
close-up. This specimen was found in the Ural 
Mountains (Russia). 


Uses and dangers 

Asbestos is fireproof and was formerly used to make 
roofing and other building materials. In the 1970s, 
however, medical research revealed that it was 
potentially lethal for humans to inhale the tiny fibres 
of which it is composed. Today, although asbestos is no 
longer in active use, it remains in place in many old 
buildings, where it is safe as long as it is not cut up. 
Tests and treatment 
Chrysotile will not melt (is infusible) in an open 
flame. It dissolves (is soluble) in strong acids, po 
behind a residual gel of silica (silicon dioxide). The 
fibrous structure of chrysotile is readily apparent 


4 This fibrous chrysotile 
was found at the Jeffrey 
Mine, Quebec (Canada). 

The fireproof but highly 


seen on the surface of 
the mineral. 


CHRYSOTILE 


Group: Silicates 


Crystal system: Monoclinic and 
orthorhombic 

Chemical formula: Mg5Si;0s( 0H), 
Hardness: 2/ 

Density: 2.53 

Cleavage: None 


Fracture: Uneven 


Colour: Green, grey, white, yellow, brown 
Streak: Greyish 
Lustre: Silky to greasy 


Fluorescence: None 


dangerous fibres may be 


ORIGINS and DISTRIBUTION | 


~ Chrysotile forms through the alteration of ultrabasic 
igneous rocks which are rich in the mineral olivine 
(a silicate of magnesium and/or iron). 
The classic source (type locality) of this mineral 
is at Reichtenstein in Silesia (Poland). Elsewhere, 
extensive deposits are found in the following 


locations: Quebec (Canada); the Lizard, Cornwall 
(England); the Ural Mountains (Russia); and the Sierra 
Nevada, California (USA). Chrysotile also occurs in 
Cyprus, Italy, New York (USA) and Zimbabwe. 


to the naked eye and becomes even more striking 
when viewed under a magnifying glass or a 
microscope. The fibres may then be seen to take 
the form of tubes. 
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Tvrolite 


Tyrolite generally forms as 

reniform (kidney-shaped) 

masses. It is sometimes 
known as tricalcite. 


yrolite is typically pale green in colour, 
although some specimens may be 
blue. It is translucent, and is named 
after the Tyrol, a mountainous province of 
western Austria. 
Tyrolite is unusual in that it may be classified 
in two mineral groups. Chemically, it is both an 
arsenate and a carbonate of calcium and copper which 
is hydrated by attached water of crystallisation. It is 
generally grouped among the arsenates. 


F 


A Bluish green tyrolite 
from Ireland. 


A> (Top right) A sample 
of bluish green tyrolite 
with rich green 
chalcophyllite from the 
West Caradon Mine, 
Cornwall (England). These 
two minerals are often 
found in association with 
each other. 


> This close-up of tyrolite 
shows the radiating fibrous 
habit and vitreous (glassy) 
lustre of the specimen. 
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TYROLITE 


Group: Arsenates 


Crystal system: Orthorhombic 

Chemical formula: CaCu;(As0,),(CO3)(OH),.6H,0 
Hardness: 2 

Density: 3.18 

Cleavage: Perfect 


Fracture: Uneven 


Colour: Green or blue 
Streak: White 
Lustre: Vitreous 


Fluorescence: None 
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Widespread mineral 


Tyrolite is a rare mineral, even though it is 
widespread. Its copper content means that the 
mineral's density is higher than average at 3.18, but 
its hardness is very low. It registers only about 2 on 
the Mohs Scale of hardness and is easily scratched 
with a fingernail. 

Perhaps tyrolites main characteristics are its blue- 
green colouring and its occurrence as reniform 
(kidney-shaped masses) on the fragmented rocks of 
mineral veins. Its colour is not unlike that of many 
secondary copper minerals, such as aurichalcite and 
chalcophyllite, with which it often occurs. 


Associated minerals 
The two minerals with which tyrolite is most 


commonly associated in the Earth are azurite 

(a hydrous copper carbonate) and chalcophyllite 

(a hydrous hydrated arsenate sulphate of the metals 
copper and aluminium). 


RACTERISTICS S 


Each molecule of tyrolite is composed of one atom 
of calcium, five atoms of copper, two arsenate ions 
(chemical formula AsO,), one carbonate ion (CO;) 
and four hydroxyl ions (OH), together with six 
attached atoms of water of crystallisation. 

Crystals of tyrolite conform to the 
orthorhombic system of symmetry, in which the 
three crystallographic axes are unequal in length 
but are all at right angles to each other. The crystals 
have a vitreous lustre. However, crystals are rare. 
When present, they are lath-like, but the mineral 
usually occurs as reniform (kidney-shaped) masses, 
scales, crusts or fibrous specimens. 

Tyrolite is a soft mineral, registering only 2 on 
the Mohs Scale of hardness. It density is slightly 
above average, at 3.18. 


4 Radiating aggregates of tyrolite 
on rock from the Gortdrum Mine 
(Ireland). 


ORIGINS and 
DISTRIBUTION 


Tyrolite is a secondary mineral 
which is widespread in small 
quantities in the oxidation 

. zones of copper-bearing ore 
deposits. 

Tyrolite has been discovered 
in the following locations 
worldwide: the Tyrol (Austria); 
Cornwall and Cumbria 
(England); Gortdrum (Ireland); 
and Penamellera (Spain). 


In the USA, there are 


occurrences of this mineral 
in the following areas: the 
Superstition Mountains, Pinal 
County (Arizona); Eureka, - 
Gold Chain and Mammoth 
(California); Majuba Hill 
(Nevada); and Shoshone ` 
County (Utah). 

Among the other countries 
where tyrolite has been found 
are the Czech Republic, France, 
Germany, Italy, Romania, Russia 
and Tunisia. 


<A blue crust of tyrolite in 
association with darker blue azurite. 
The rock base (matrix) is dolomitic 
limestone. These minerals often 


occur in copper-bearing ore deposits. 
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On the mineral 
trail: Syria 


Syria occupies an 
area of just over 
185,000 sq. km in ES 


southwest Asia. Major mineral deposits TURKEY 


Al-Jazirah 
*. 
t 
ai 1Tabaqah Dam 


% 
4 
A 
e 
Ek 


Dayr az Zw E 


QaratshukW 


It is bordered in 

the north by Turkey, 

in the east and 

southeast by Iraq, 

in the south by 

Jordan, in the St m Damascus 
southwest by Israel SA 

and Lebanon, and in ISRAEL 

the west by the in “me JORDAN 
Mediterranean Sea. 


yria has a wide range of natural resources, the A The Euphrates River, a vital resource that supplies 
S most important of which are limestone, more than 80 per cent of Syria's water. 
petroleum and phosphates. 
and Lebanon. To the east of this area, two mountain 
The lie of the land ranges run roughly parallel to the coast — these are the 
The topography of Syria may be divided into three Jebel al-Druze and the Anti-Lebanon chains. The latter 
main areas. In the extreme west lies a coastal plain, contains the highest point in the country, Mount 


which stretches for about 180km between Turkey Hermon (2814m). 
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The Syrian Desert, which covers most of the south 
and southeast of the country, is composed mainly of 
rock and gravel steppes with an average elevation of 
between 300m and 500m above sea level. Towards the 
southern end of the desert lies Mount Duruz which, 
with an area of 33,700 sq. km, is one of the world’s 
largest exposed outcrops of basalt. 

Syria’s most important water source is the 
Euphrates River, which rises in the highlands of 
eastern Turkey and flows from northwest to southeast 
across the country to the Iraqi border. Much of 
northern Syria is now irrigated by the waters of 
Buhayrat al Asad, the great lake behind the Tabaqah 
Dam across the Euphrates River. 


Petroleum 

Syrias most important natural resource is petroleum, 
which is found with smaller quantities of natural gas at 
Qaratshuk and Dayr az Zawr. Although production 
has fallen since the 1990s, the country has been 
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A A road through the Syrian Desert in the south of the 
country. The terrain here is composed mainly of rocks 
and gravel. 


< A courtyard in the Azem Palace in Damascus, the 
capital city. 


v These traditional houses in the north of the country 
are built of baked mud bricks and shaped like beehives. 


producing slightly more than 360,000 barrels of 

crude oil a day since 2006, and is the only significant 
producer of oil in the Eastern Mediterranean. Most of 
the oil is carried by pipeline from the wells to refineries 
at Hims and Banias. 


Other resources 

Syria also has small but economically significant 
deposits of three other natural resources: iron ore, 
which is refined into steel; limestone, which is used to 
make cement; and phosphates, which are used in 
Syria’s rapidly growing fertiliser industry. 
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DISCOVERY 


e. Columnar jointing 


Spectacular rock formations such as those at the Giant's Causeway 
in County Antrim (Northern Ireland) and at Fingal's Cave on 
the Island of Staffa (Scotland) are among the world’s most outstanding 
examples of a geological phenomenon known as columnar jointing. 
This is caused when lava cools and shrinks. 


Huljuiof Jeuunjo3 


joint is a crack in a rock along which 
nv has been no observable movement 

(displacement). Joints are created when lava 
cools and contracts on the surface of the Earth. 


Geometrical shapes 
As lava cools it contracts and cracks form. This 
is a similar effect to that which occurs when mud 
develops a pattern of cracks on a dried lake bed. As 
the lava continues to cool, so the hexagonal pattern 
which formed on the surface of the lava continues to 
develop down into the lava flow and columns are 
created. It is thought that a hexagonal pattern 

€ develops in cooling lava (or drying mud) because the 
material cools around equally spaced points. Midway 
between these points cracks develop and a pattern of 
hexagons is thus made. 


Sills and dykes 


Hexagonal jointing is a relatively common A Basalt columns on the Isle of Staffa (Scotland). 
phenomenon in many igneous rocks, especially From above the hexagonal cross section of the columns 
basaltic lava, which is a high temperature mobile can be clearly seen. 


A A spectacular example of columnar jointing at the entrance to Fingal's Cave on the Isle of Staffa (Scotland). 


rA 


<> 25d DISCOVERY. 


lava, often containing much gas. 
Certain igneous intrusions exhibit 
columnar jointing. 

A sill is a concordant, sheet-like 
intrusion of igneous rock which 
follows the existing rock structures 
where it is intruded. As a horizontal 
sill cools its upper and lower surfaces 
develop cracks and so vertical columns 
form as in a lava flow. 

A dyke is a discordant sheet 
intrusion (usually vertical) which cuts 
across existing structures. When a dyke 
cools, its vertical sides crack and 
horizontal columns occur. 


Columnar jointing 


Famous examples 

Two of the world’s most famous 
examples of columnar jointing may 
be seen on the Giant’s Causeway in 
County Antrim (Northern Ireland) 
and at the entrance to Fingal’s Cave in 
Staffa (Scotland). These magnificent 
surface features consist of tightly 
packed series of hexagonal (six-sided), 
pentagonal (five-sided) or heptagonal 
(seven-sided) shaped rocks lying at 
right angles (perpendicular) to the 
upper and lower surfaces of the 
original lava flow. The largest of these 
formations is about 6m in diameter. 


A Columnar jointing in 
basaltic rocks at the 
Giant's Causeway in 
County Antrim 

(Northern Ireland). This 
extraordinary effect is 
caused when lava on the 
surface of the Earth cools 
and shrinks, to develop 
clearly visible fissures 

or joints. Note the 
characteristic five- and 
six-sided shapes on the 
upper faces of the rock 
columns. 


4 Kilt Rock on the 
northeast coast of the 
Isle of Skye (Scotland). 
This example of columnar 
jointing takes it name 
from the resemblance 

of the uppermost layers 
of basalt to the pleats 

in a Scotsman's 
traditional dress. 
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! MINERALS 


Chrysocolla 


Chrysocolla is a colourful 

mineral found in altered 

parts of copper deposits 
with other copper minerals. 


he colours of chrysocolla range from 

bright green to deep blue. The name 

of this mineral comes from the Greek 
meaning ‘gold glue’: this is a reference to the fact that 


chrysocolla resembles materials once used to solder 
pieces of gold. 


Cryptocrystalline 

Chrysocolla is not found as visible crystals, but as 
cryptocrystalline masses, which are often similar in habit 
to opal and sometimes botryoidal (like a bunch of 
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<A mixture of 
chrysocolla and azurite 
shaped and polished. 


4 Y The photographs 
below show masses of 
chrysocolla from Italy. 


FACT FILE 
CHRYSOCOLLA 


Group: Silicates 

Crystal system: Monoclinic 
Chemical formula: (Cu, AI); H;Si;0;( OH);,.nH;O 
Hardness: 2-4 

Density: 2.0-2.4 

Cleavage: None 

Fracture: Uneven to conchoidal 
Colour: Green to blue 

Streak: White 

Lustre: Vitreous to earthy 
Fluorescence: None 


De 
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Chrysocolla is a member of the silicate group of 
minerals. It contains the elements copper, hydrogen, 
aluminium, silicon and oxygen, together with a variable 
number of molecules of water of crystallisation. 

Crystals of chrysocolla form in the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. The crystals are 
microscopic and acicular (needle-like), and are often 
arranged in cryptocrystalline radiating masses. 
Botryoidal (shaped like a bunch of grapes) specimens 
also occur. 

The hardness of chrysocolla varies between 2 and 
4 on the Mohs Scale. Its density is fairly low at 2.0-2.4. 


grapes). The microscopic crystals are acicular (needle- 
like) and often occur in radiating aggregates. 


A secondary mineral 
Chrysocolla is a secondary mineral, formed by the 
alteration of copper ores in the oxidation zone of 
copper deposits. Associated minerals include 
malachite, azurite, chalcopyrite, cuprite and 
chalcanthite. It is a fairly common mineral, widely 
distributed around the world. 

Although chrysocolla contains copper, it is not 
sufficiently rich in this metal to make mining it as a 
copper ore a viable economic proposition. 


Use as a gemstone 

Chrysocolla is a soft mineral, and can be scratched by a 
coin. It is therefore not normally used as a gemstone, 
but when, as is often the case, it occurs together with 
quartz or chalcedony, these mixed specimens are 


A Microcrystalline aggregates of chrysocolla. 


ORIGINS and DISTRIBUTION € 


hi socolla forms in parts of copper d leposits Which 
| | been oxidised by the action of air and water. 
Before it solidifies, the mineral initially forms a gel 
containing silica, water and copper. 

Chrysocolla is widespread throughout the world. 
Some of the largest deposits are found in Chile. 
Elsewhere, chrysocolla occurs in Australia, the 
Democratic Republic of the Còngo, Italy, Russia and 
Zambia. In the USA, abundant chrysocolla has been 
found in Arizona, Nevada, New Mexicoand — 

Pennsylvania. EN 
The British Isles also has occurrences of this 
mineral at Liskeard (Cornwall) and elsewhere. 


sometimes made into cabochons or carved into 
ornaments, as the harder minerals make parts of the 
surfaces more durable. 


Tests 

Chrysocolla is soluble in hydrochloric acid, but 

does not effervesce (fizz), which distinguishes it from 
malachite. When heated in a closed test tube it turns 
black and gives off its water of crystallisation. Held in 
a flame, it is infusible (will not burn), but decrepitates 
(crackles and disintegrates) and colours the flame green 
because of its copper content. 
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Chamosite 


Chamosite is a member of the 

chlorite group of minerals and 

was formerly of economic 
value as an ore of iron. 


hamosite is usually green in colour, although 

some specimens may be black. It is named 

after its classic source (type locality) — 
Chamoson in Valais (France). 

Chamosite is a hydrous silicate which contains 
aluminium, iron and magnesium. The minerals with 
which it is most commonly associated are siderite (iron 
carbonate), limonite (hydrous iron oxide), magnetite 
(iron oxide) and calcite (calcium carbonate). 


No longer of economic value 
Chamosite occurs in sedimentary rocks — usually 
oolitic limestones — and also sometimes in clays. 


A This ironstone derives 
its green colour from the 
presence of chamosite. 


> Oolitic sedimentary 
rock packed with well- 
preserved fossilised 
molluscs and coloured 
green by chamosite 
(Yorkshire, England). 


A The green colour in this rock is caused by the 
presence of chamosite. Green is the characteristic 
colour of minerals of the chlorite group, of which 
chamosite is a member. 


‘Common mineral 


Í 


minerals. Each molecule is composed of ten atoms 
of iron, five atoms of magnesium, two atoms of 
aluminium, three atoms of silicon, 18 atoms of oxygen 
and eight hydroxyl ions (chemical formula OH). 

Crystals of chamosite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. The crystals are 
too small to be seen with the naked eye. 

Chamosite is a fairly soft mineral, registering 
about 3 on the Mohs Scale of hardness, and has a 
density of 3.12. 


A Typical dark green chamosite on a rock base 
(Cornwall, England). 


> Quartz and siderite crystals. Siderite commonly occurs 
in association with chamosite (Peru). 


Although chamosite, siderite and limonite all contain 
iron, and the ironstones in which they occur have been 
mined in the past to provide iron for industry, they are 
no longer considered rich enough in iron to be 
economically viable. 

Chamosite is a member of the chlorite group of 
minerals, which also contains clinochlore, tennantite 
and others. They are predominantly green in colour. 


Tests and treatment 
When chamosite is heated, its component water is 
driven off and may be seen forming on the inside of a 
test tube. 

Chamosite should be cleaned with distilled water 
only — ordinary tap water contains impurities which 
may damage the crystals. 


—Chamosite is found in sedimentary rocks, especially 
ironstones, and in some clay deposits, where it is 
associated with siderite (iron carbonate). 

Among other minerals with which chamosite 
is commonly associated are calcite (calcium 
carbonate), limonite (hydrous iron oxide) and 
magnetite (iron oxide). 

Chamosite has been found in the following 
locations: Hermanovice, Silesia (Czech Republic); St 
Maurice, Valais (France); the Arakawa Mine, Akita 
(Japan); Peru; and California, Colorado and 
Pennsylvania (USA). 
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CHAMOSITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: (Fe;,Mg);AI(Si;AI)O;4(OH,O); 
Hardness: 3 

Density: 3.12 

Cleavage: Not determined 


Fracture: Uneven 


Colour: Green or black 


Streak: White or pale green 


Lustre: Vitreous or earthy 


Fluorescence: None 


Cyrolite is a widespread 
mineral that usually occurs as 
BÉ tiny ball-shaped masses. 


yrolite may be green, white or 
colourless. Its name — which is 
derived from the Greek gyros, 
meaning ‘circle’ — refers to the mineral's 
typical spherical shape. 
Chemically, gyrolite is a hydrous 
hydrated aluminosilicate of the metals calcium, 
magnesium, sodium and iron. It was first identified 
as a distinct mineral in 1851. 


FACT FILE 


GYROLITE 


Group: Silicates 


Crystal system: Hexagonal 


Chemical formula: Na(Ca,Mg,Fe);4(Si,Al);,05,(0H);.15H;0 


Hardness: 3-4 


Density: 2.34-2.45 


Cleavage: Perfect 


Fracture: Uneven 


Colour: Green, white, colourless 


Streak: White 


Lustre: Vitreous 


Fluorescence: None 


Gyrolite is a member of the silicate group of 
minerals. Each molecule is composed of one atom of | 
sodium, 16 atoms each of calcium, magnesium and 
iron, 24 atoms each of silicon and aluminium, 60 
atoms of oxygen and seven hydroxyl ions (chemical 
formula OH), together with 15 attached molecules of 
water of crystallisation. 
Crystals of gyrolite conform to the hexagonal 
system of symmetry. They usually occur as masses 
of tiny spheres with a radiating internal structure. 
Gyrolite is a fairly soft mineral, registering only 
3-4 on the Mohs Scale of hardness, and its density is 
about average, at 2.54-2.45. It has perfect cleavage 
and a vitreous lustre. 


A Greenish spheres of 
gyrolite with crystals 

of apophyllite. This 
characteristic association 
of minerals was found 
near Poona (India). 


4 Spheres of green 
gyrolite from Poona 
(India). The associated 
minerals are white calcite 
(calcium carbonate) and 
fluffy masses of okenite 
(another hydrated silicate 
of calcium). 
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Widespread mineral 


» Gas bubble cavities in 
basalt rock may become 
infilled by secondary 
gyrolite, as here. This 
specimen was found in 
Iceland. 


Spherical aggregates S 


Gyrolite usually occurs as globe-shaped (spherical) 
aggregates. The largest spheres measure about 5cm 
in diameter; the largest clusters may be as much as 
30cm across. 


ORIGINS and DISTRIBUTION & P, 
l First identified as a distinct mineral in 1851, gyrolite 
is a secondary mineral formed by the alteration of 
pre-existent (primary) calcium silicates. It is typically 
found in rock crevices, especially in basalts, and is 
commonly associated with apophyllite (a hydrous 

hydrated silicate of potassium and calcium). 
Another associated mineral is okenite, a hydrated 
calcium silicate. 

The classic occurrence (type locality) of this 
mineral is at Storr on the Isle of Skye (Scotland). 
Elsewhere, fine aggregates of gyrolite have been 
found in the following locations: Bombay and Poona 
(India); Collinward, Belfast (Northern Ireland); and 
Fort Point, San Francisco County, California (USA). 
Gyrolite also occurs in Brazil, the Czech Republic, 
Germany, Greenland, Israel and Japan. r 


Test and treatment 
When gyrolite is heated, its water of crystallisation 
is driven off and may be seen forming inside a 
test tube. 
Crystalline aggregates should be cleaned with 


distilled water only — tap water contains impurities 
which may damage the mineral. 


A Greenish gyrolite with small patches of associated 
zeolite minerals (India). 


> Spherical aggregates of gyrolite on weathered 
basaltic lava. 
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Troctolite 


A type of gabbro, troctolite 
is a coarse-grained 
igneous rock. 


roctolite is mainly grey with 

red, green, brown, yellow 

and black speckles. This 
speckled appearance resembles the 
scales of a fish, and the rock is 
sometimes known as troutstone because 
of this. The speckles are caused by the 
alteration of some or all of the olivine it 
originally contained into minerals of the 
serpentine group. Troctolite is closely related to 
olivine gabbro. 


FACT FILE 
TROCTOLITE 


Type: Intrusive igneous rock 


Essential components: Plagioclase feldspar, olivine, 
serpentine minerals 


Colour: Grey with red, green, brown, yellow and black speckles 
Texture: Equigranular and crystalline 
Grain size: Coarse 

Density: 3.0-3.3 


> Eucrite, a basic igneous rock that may be 
found in association with troctolite 
(Ardnamurchan, Scotland). 


4 Troctolite from the 
classic location at 

the Belhelvie Quarry, 
Aberdeen (Scotland). 


MINERALS PLUS 


Intrusive igneous rock 


Layered complexes 

Troctolite typically occurs in distinct layers within 

extensive banded intrusions of gabbro and anorthosite. 
It is formed deep in the Earth crust (plutonic 

environments) from magma which has cooled very 

slowly, allowing large crystals to form. 


A Olivine gabbro, a basic igneous rock closely related to 
and containing many of the same minerals as troctolite. 


The essential mineralogical components of 
troctolite are calcium-rich plagiocloase feldspar 
and olivine. Olivine is a group name for silicates of 
magnesium and/or iron belonging to the fayalite- 
forsterite solid solution series. 

Of the other minerals in troctolite, the 
most important are quartz (silicon dioxide) and 
serpentine. Serpentine is the group name given to 
silicates of magnesium and iron; the best-known 
examples are chrysotile and antigorite. 

Troctolite may also contain iron oxides such as 
goethite, hematite and limonite. 

Troctolite is a basic crystalline igneous rock. 
Most of the crystals are larger than 5mm, so the 
rock is classified as coarse-grained. The crystals are 
usually well-formed (euhedral) and of similar size, 
producing an equigranular texture. 

The rock is predominantly dark coloured, but is 
speckled with red, green, brown, yellow and black 
mineral crystals. This gives rise to its alternative 
name, troutstone. 
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—Troctolite is an intrusive igneous rock. It is 


commonly found in dykes, sills and stocks, where it 
forms in clearly defined layers between other forms 
of gabbro (especially norite) and anorthosite. 
Troctolite is found in the following locations: 
Cornwall (England); the Harz Mountains (Germany); 
Oslo (Norway); Wolimierz (Poland); Ardnamurchan, 
Belhelvie and the Isle of Rum (Scotland); and 
Montana (USA). Troctolite has also been found on 
the Moon. 


4 Often found in 
association with 
troctolite, gabbro is 

a basic igneous rock 
composed mainly of dark 
pyroxenes and pale 
feldspar minerals. 


‘Red synthetic 
corundum 


The most commonly 
encountered substitute 
for naturally occurring 
ruby, red synthetic 
corundum is used principally 
to make inexpensive jewellery. 


ui9b Jerzy 


ynthetic corundum is one of the cheapest and 


most convincing of all artificial gems. The red 
form is widely thought to bear the closest 
resemblance to naturally occurring ruby. A blue 
synthetic corundum, imitating sapphire, is less 
convincing. 
Synthetic corundum is the human-made equivalent 
of the naturally occurring mineral aluminium oxide. 
Synthetic ruby was the first synthetic gemstone to 
be produced in large quantities. The simple chemistry 


A Synthetic ruby crystals. 


4 Natural uncut ruby crystals from Myanmar. 


of corundum (aluminium oxide) made it a relatively 
straightforward material to reproduce artificially. The 
most popular synthetic corundum is red: this is 
because its resemblance to precious ruby is greater 
than, for example, that of the blue variety to sapphire. 


Artificial gem 


The Verneuil method 

Like most forms of synthetic corundum, artificial 
rubies are generally made by melting finely ground 
alumina (aluminium oxide) in furnaces heated to 
temperatures of over 2000°C. The molten aluminium 
oxide falls onto a support, where it builds up in layers 
to form a rounded mass known as a boule. When 
cooled, this can be cut into various shapes. This 
technique — known as flame-fusion — was developed in 
1902 and named after its inventor, the French chemist 
Auguste Verneuil (1856-1913). 

Boules are very cheap to produce — nearly all the 
cost of an imitation ruby is incurred by the expense of 
having the basic material cut and faceted into the 
desired ornamental shapes. 


Red colour 
The red colour of artificial ruby is obtained by the 
addition of 2 per cent by volume of 
chromium oxide. 
The external appearance 
and physical properties of red 
synthetic corundum are 


virtually indistinguishable 
from those of genuine 
ruby. The successive 
layers produced by the 
Verneuil process can 
sometimes be seen 
when a synthetic 
ruby is viewed 
through a lens or 
microscope. 


A A boule of red synthetic corundum, fresh from 
the furnace. 
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Sapphire'is the precious blue variety of the naturally 
occurring mineral corundum. Artificial forms of this 
gemstone are produced by the addition of small 
amounts of iron and titanium, which give the 
appropriate colour, to synthetic corundum obtained 
through the Verneuil process. 

However, it is very difficult to reproduce artificially 
the exact colour of the natural sapphire gemstone - 
synthetic specimens often have colder and greyer 
blue colouring. This may be hidden to some extent 
by cutting the stones into various shapes to increase 

the internal play of light and thus 
enhance the blueness of the 
gem. Among the most 
effective of such 
styles is the 
smooth, domed 
cabochon. 


Blue synthetic 
corundum. 
This cheap and widely 
available substitute for 
sapphire does not simulate the real gemstone as 
effectively as the red variety resembles ruby. 


Star rubies 

Star rubies are naturally occurring gems which reveal 
a play of light reflected from the inside of the gem 
back onto the crystal surface. This effect — which is 
known as asterism — may be produced artificially by 
the addition of 1 per cent rutile (titanium oxide) to 
red synthetic corundum. 


of light (asterism). 


< A natural ruby on rock. 


A A star ruby. Note the distinctive play 
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On the mineral 
trail: Croatia 


Croatia occupies an 

area of just over z 

56,500 sq. km in HUNGARY 
southeast Europe. T 

It is bordered in the Re Para-Pannonian 

north by Slovenia if 

and Hungary, in the pen NER 

east by Serbia, in am . j SM 
the south and d 

southeast by 

Bosnia, in the 

extreme southeast ^ : BOSNIA SERBIA 
by Montenegro, and 

in the west by the 

Adriatic Sea. 


MONTENEGRO 


Major mineral deposits 


roatia has a wide range of natural resources. 
The most important of these are oil and 


natural gas. 


The lie of the land 
To the west and east of the capital, Zagreb, the 
landscape of Croatia is flat and dominated by two 
great plains, the Pannonian and Para-Pannonian. 
These areas — known as the breadbasket of Croatia — 
are watered by the Drava and Sava rivers and are 
widely farmed, particularly in the eastern province 
of Slavonia. 
The two main rivers are separated by the 
Medvednica Mountains and the Zagorje Hills — 
these are the only significant uplands in the north of 
the country and are the southernmost extremities of A A cityscape of Zagreb, the capital of Croatia. The 
the Alps. towers of the Gothic cathedral dominate the skyline. 


On the mineral trail: 


zh 


Along the southeastern leg of Croatia run the 
Dinaric Alps, a region characterised by limestone 
plateaux with the typical features of karst scenery (see 
Discovery 171). This range contains the highest point 
in Croatia, Mount Troglav (1913m). 

The other main region is the Croatian Littoral, 
which is composed of the Istrian Coast in the north 
and the Dalmatian Coast in the south. Wedged 
between the Adriatic Sea and the Dinaric Alps, the 
whole coast extends for 1800km and is fringed by 
more than 1100 islands. 


T mmm 


4 A Croatian marble quarry. 

The marble is used in the 

building industry and for o 
monumental work. i 


4 Y The River Krka, 
winding its way through 
the Krka National Park in 
central Dalmatia. The area 
is noted for its karst 
scenery. 


v Rijeka, the country's 
principal seaport, is 
located on the north 
Adriatic coast. Its chief 
industries are sea freight 
and shipbuilding. 


Natural resources 

Croatia contains a wide range of commercially 
valuable natural resources. Large deposits of oil and 
natural gas are found in the shallow valleys of the 
plains in eastern Slavonia. Croatia has reserves of 69 
million barrels of oil, and produced 28,000 barrels a 
day in 2005. In 2003 the country produced 70 billion 
cubic feet of natural gas. 

Aluminium-rich bauxite is mined in Istria and 
Dalmatia, while coal is found in Dalmatia, Istria and 
on the outskirts of Zagreb. There are small but 
significant quantities of iron, lead, manganese, 
mercury and zinc ores. Rock salt (halite) is also 
abundant and is mined in many parts of the country. 
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Gideon Mantell 


In the early part of the 19th century, amateur naturalists and scientists 
began to discover the fossilised remains of a previously unknown 
group of creatures which, it was subsequently calculated, had become extinct 
more than 65 million years ago. One of the most important of these pioneers 
was Gideon Algernon Mantell (1790-1852), an English doctor of medicine 
who collected rocks and minerals in his spare time. 


ideon Mantell was born on 3 February 1790 
G: Lewes, Sussex (England). He qualified as a 

doctor of medicine and became a general 
practitioner in his native county. 


The fossils of Sussex 

His hobby was geology and he spent much of 

his spare time roaming the countryside near his 
home collecting specimens and examining unusual 
rocks — Sussex contains good surface exposures of 
sedimentary rocks. These are the rocks most likely 
to contain the fossilised remains of creatures that 
died in or near water in this area and whose bodies 
were then washed downstream to be preserved in 
lake sediments. 

Mantell's wife, Mary Ann, shared his enthusiasm. 
On a historic day in 1818, she went walking in the 
fields at Cuckfield, north of Lewes, to pass the time 
while her husband visited a patient. Here, she came 
across mysterious fossilised teeth embedded in a pile 
of rubble. These were at first believed to have been 
those of an iguana lizard, but were later shown to 


A This portrait of Gideon 
Mantell was published 
with his obituary notice 
in The Illustrated London 
News of 4 December 1852. 
Mantell's work presented 
a serious challenge to 
established ideas about 
the age and history of 
the Earth. 


4 Freshwater limestone 
of the type studied by 
Mantell (southern 
England). This specimen 
contains fossils of 
Planorbis, a freshwater 
shellfish (gastropod). 
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E 256 DISCOVERY. 


Gideon Mantell 


A A cordal vertebra and a toe bone of a species of prehistoric reptile 
which was named /guanodon. 


> This ammonite was found in Cretaceous rocks of southern England. 
It is named Mantelliceras, in honour of Gideon Algernon Mantell, 
whose work contributed so much to present-day understanding of 


prehistoric life forms. 


have belonged to a previously unknown prehistoric 
species, which became known as /guanodon (from the 
Greek meaning ‘iguana tooth’). 


Further discoveries 

Mantell went on to discover Hylaeosaurus, 
Pelorosaurus and Regnosaurus, three genera of 
prehistoric lizards which were later named dinosaurs 
(meaning ‘terrible lizards’) by Sir Richard Owen. 
Mantell also described the reptile 7e/erpeton elginense, 
which lived during the Triassic Period (between about 


A Many of the Sussex sandstones 
examined by Mantell were formed during 
the Cretaceous Period (between 65 million 
and 142 million years ago). This exposure is 
crumbly (friable) and contains limonite 
formed by the oxidation of iron. 


206 million and 248 million years ago), and later 
demonstrated that the Wealden series of fossilised 
aquatic creatures from the Cretaceous Period (between 
about 65 million and 142 million years ago) had 
originated in fresh rather than salt water. 

One of the founding fathers of palaeontology, 
Mantell recorded his findings in two major works — 
The Fossils of the South Downs or Illustrations of the 
Geology of Sussex (1822) and Medals of Creation (1844). 

Gideon Algernon Mantell died in London on 
10 November 1852. 
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! MINERALS 


rthoclase 


Orthoclase is a commonly 

occurring member of the 

feldspar group of minerals. 
Rare transparent specimens are 
sometimes cut as gemstones. 


rthoclase may be colourless, white, grey, green, 
reddish pink or pale yellow. Its cleavage planes 
join at right angles, and this gives rise to its 
name, which comes from the Greek word orthos, 
meaning ‘straight’ or ‘right-angled’. 
Orthoclase is a feldspar mineral which 
contains less than 67 per cent sodium. Feldspars 
with higher levels of sodium are known as 
anorthoclase. 
Both orthoclase and anorthoclase are 
alkali feldspars. This group of aluminium 
silicates forms a solid solution series in which 
members contain diminishing concentrations 
of potassium and correspondingly increasing 
quantities of sodium. The two end members of 
the series are sanidine (which is almost pure 


> A faceted orthoclase 
gemstone weighing 
15 carats (Madagascar). 


Y Aspecimen of twinned 
orthoclase crystals with 
grey quartz (Varese, Italy). 


A An aggregate of orthoclase 
and quartz crystals from Baveno, 
Novara (italy). 


CHARACTERISTICS 


Orthoclase belongs to the silicate group of minerals, 
of which feldspars are a Subgroup. Each molecule 
contains one atom each of the metals potassium and 
aluminium, together with three atoms of silicon and 
eight atoms of oxygen. 

Crystals of orthoclase conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. They usually 
occur in prismatic or tabular shapes, and many of 
them grow together in the phenomenon known as 
twinning. Other specimens have no particular shape 
(massive habit). 

Orthoclase defines point 6 on the Mohs Scale of 
hardness, coming between apatite (point 5) and 
quartz (point 7). It is of average density, varying 
between 2.55 and 2.63. When broken, it displays 
perfect cleavage and uneven to conchoidal fracture. 


ORIGINS and DISTRIBUTION 6 


: Orthoclase is a very common and widespread 
mineral that occurs in many igneous rocks, 
especially granite, pegmatite and rhyolite. It is also 
found in many metamorphic rocks, including gneiss 
and schist, and, as a detrital mineral, in some 
sedimentary rocks. Sandstone containing a high 
proportion of feldspar minerals is called arkose. 
Orthoclase is widely distributed all over the world. 


A Dark coloured v Orthoclase with schorl FACT FILE 
orthoclase from the Ural (black tourmaline) 
Mountains (Russia). from Brazil. ORTHOCLASE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: KAISi;0; 
Hardness: 6 

Density: 2.55-2.63 
Cleavage: Perfect 


Fracture: Uneven to conchoidal 


Colour: Colourless, white, grey, green, reddish pink, pale yellow 
Streak: White 
Lustre: Vitreous to pearly 


Fluorescence: None 


potassium) and albite (which is nearly all sodium and 
has no potassium). 


Colour variations 
Pure orthoclase is colourless. Yellow specimens owe 
their coloration to the presence of iron, which is not 
part of the basic chemical structure of the mineral and 
is therefore classed as an impurity. 

The gem moonstone is made up of alternating 
layers of albite and orthoclase, which combine to 
create a bluish shimmering effect known as schiller. 


The cut 

Gem-quality orthoclase is fashioned into a variety 
of shapes, notably the brilliant and the step cut. The 
preferred cutting angles are 40—50° along the crown 
surface and 43? along the pavilion surface. (Fora more — A Twinned crystals of orthoclase from Baveno, 
detailed account of gem-cutting techniques, see Novara (Italy). 

Discovery 9 and 11.) 


Tests and treatment Acids should be handled with - 
Orthoclase will not dissolve (is insoluble) in most acids great care and should never be used by : : [ ) 
and is difficult to melt (is almost infusible) in an open young mineralogists without adult _ 

flame, which is coloured violet by the presence of supervision. Wear protective clothing and 
potassium. Surface impurities may be removed with make sure that the room is well ventilated. 


dilute acid. 


: Allanite is a widespread mineral. 


A number of different varieties 
have been distinguished, based 
on slight chemical differences. 


llanite is usually black or brown in 

colour and is named after Thomas Allan 

(1777-1833), the English mineralogist 
who first described it in 1808. 

Allanite is a member of the epidote group of 
minerals. These are silicates which generally 
occur in igneous and metamorphic rocks. 
Epidotes belong to either the monoclinic or 
orthorhombic system of crystal symmetry. 


Complex chemistry 
The chemistry of epidotes is quite complex. Allanite 
contains cerium (one of the lanthanides, formerly 
known as rare earth elements), calcium, iron, 
aluminium, silicon, oxygen and hydrogen. Allanite 
can have a number of slight chemical variations and 
some authorities distinguish varieties based on these 
differences. If cerium (Ce) is dominant, then this 
variety is named allanite-(Ce); if lanthanum is 
dominant, then the mineral is named allanite-(La); 
and if the dominant earth element is yttrium, the 
mineral is called allanite-(Y). 


A This specimen of allanite was found in 
Quebec (Canada). 


The lanthanide elements, some of which are 
present in allanite, are silvery white, relatively soft 
metals. Yttrium, which is very like the lanthanides, is 
not in that group although it often occurs with them. 
Lanthanide elements are present in many ore minerals 
and in some igneous rocks, such as granite and basalt, 
as well as in the metamorphic rock gneiss. 


ALLANITE 


Group: Silicates 


Crystal system: Monoclinic 

Chemical formula: (Ce,Ca,Fe);(AI,Fe);(Si0;)4(OH) 
Hardness: 54-6 

Density: 4.12 

Cleavage: None 


Fracture: Conchoidal to uneven 


Colour: Black or brown 
Streak: White 
Lustre: Resinous to submetallic 


Fluorescence: None 


4 A typical vein of pegmatite from 
northwest Scotland. This igneous rock is 
one of the most important sources of the 
epidote group mineral allanite. 


cerium, lanthanum, thorium and neodymium) and 
bastnasite (a carbonate of yttrium and cerium with 
fluorine) are mined for their lanthanide content, but 
allanite is not. 

Allanite is weakly radioactive, as a result of 
the lanthanides it contains, which are radioactive 
elements. However, the radioactivity is relatively 
shortlived and is not harmful to health, so allanite is 
not a hazardous mineral. 


- Allanite is an accessory mineral that is found 
mainly in granites, pegmatites and syenites, as well 
as in metamorphic rocks such as gneisses, schists 
and skarns. 

Allanite has been found in the following locations 
worldwide: Canada; Germany; Iglorsoit (Greenland); 

Baveno and Novara (Italy); Japan; Madagascar; 

Norway; near Miask in the Ural Mountains (Russia); 

and Falun and Ytterby (Sweden). In the USA, there is 

allanite in Arkansas, Arizona, Colorado, Connecticut, 

Franklin (New Jersey), Edenville (New York), North 

Carolina, Barringer Hill (Texas), Amelia (Virginia), 

Washington and Wyoming. 


Tests 

When heated, allanite expands and melts (fuses) 
easily, leaving a residue of black magnetic glass. It is 
soluble in hydrochloric acid. 


minerals, of which epidotes are a subgroup. Each 
molecule is composed of two atoms each of cerium 
and calcium, three atoms of aluminium, five atoms 
of iron, three silicate ions (chemical formula SiO;) 
and one hydroxyl ion (OH). 

Crystals of allanite conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as 
any other. They are often slender prismatic 

or tabular. However, allanite more commonly 
occurs as noncrystalline specimens (massive 
habit or as small grains. 
Allanite weighs 4.12 times more than the 
equivalent volume of water at room temperature. It 
registers 54-6 on the Mohs Scale of hardness. 


Some minerals such as monazite (a phosphate of ORIGINS and DISTRIBUTION b 


A Black crystals of 
allanite set in a base 
(matrix) of pegmatite 
composed mainly of 
pink orthoclase and 
grey quartz. 


> Dark crystals of allanite 
with grooves (striations). 
The associated pinkish 
mineral is cerite 

(a fluorosilicate of 
cerium, calcium, 
magnesium and iron). 


Barytocalcite 


jeJəuju ase 


Barytocalcite is an 

uncommon mineral 

that is of interest to 
mineralogists and collectors. 


arytocalcite is often white, 

but may sometimes be 

coloured by impurities that can 
make it greyish, yellowish or greenish. 
It is named after barite and calcite, two 
minerals containing the elements found 
in barytocalcite. 


Dimorphous minerals 

Dimorphous minerals have the same chemical 
composition, but different physical properties. 
Barytocalcite is said to be dimorphous with alstonite. 


Both barytocalcite and alstonite are carbonates of the 


A Radiating masses of crystals of barytocalcite from the 
Blagill Mine, Cumbria (England). 


4 This specimen of barytocalcite was found near the 
classic source (type locality) of the mineral at Alston, 
Cumbria (England). 


SSS pera STRIKE) 
Barytocalcite is a member of the carbonate group 
of minerals. Each molecule is composed of one 
atom of barium, one atom of calcium and two 
carbonate ions (chemical formula CO). 

Crystals of barytocalcite conform to the 
monoclinic system of symmetry, in which no 
crystallographic axis is the same length as any 
other. They often occur in prismatic shapes 
with grooves (striations) along their surfaces. 
Barytocalcite is also found as noncrystalline 
specimens (massive habit). 

When crystals of barytocalcite are subjected 
to pressure, they will break up cleanly along their 
weakest structural planes - in scientific terms, the 
mineral is said to display perfect cleavage. 

Barytocalcite registers 4 on the Mohs Scale of 
hardness. It is heavier than average, with a density 
Of 3.66-3.71, because it contains barium, which is a 
heavy element. 


A Barytocalcite from Nentsberry Haggs Mine, 
Northumberland (England). These aggregates of crystals 
are associated with black sphalerite (zinc sulphide). 


metals barium and calcite, but whereas barytocalcite 
conforms to the monoclinic system of symmetry, 
alstonite is classified in the triclinic system. 


Associated minerals 

Barytocalcite forms in veins within limestone rocks. 
Most specimens are found in association with one 

or more of the following minerals: barite (barium 
sulphate), calcite (calcium carbonate), fluorite (calcium 
fluoride), galena (lead sulphide), sphalerite (zinc 
sulphide) and strontianite (a carbonate of strontium). 


Tests and treatment 

Barytocalcite dissolves in hydrochloric acid with an 
effervescent fizz. If heated wih a blowpipe, the mineral 
colours the flame yellowish green, because of its barium 
content. When specimens are placed beneath an 
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i arytocalcite occurs in hydrothermal veins in 

limestone. Hydrothermal fluids may be derived from 
the residue of granitic magma or from salt water 
(brine) trapped in buried marine sediments. 

Some of the most important occurrences of 
barytocalcite are found in the following locations: 
Alston Moor in Cumbria and Swaledale in Yorkshire 
(England); Himmelsfurst, near Freiburg (Germany); 
and Langban (Sweden). 


A Barytocalcite in limestone from the Blagill Mine, 
Cumbria (England). 


ultraviolet lamp, they may emit a distinctive pale yellow 
light — the scientific term for this effect is fluorescence. 
The surface of barytocalcite specimens should be 
cleaned with distilled water only — ordinary tap water 
contains impurities that may damage the crystals. 


4 Pale yellowish barytocalcite 
from Cumbria (England). The 
associated dark grey mineral is 
galena (lead sulphide). 


BARYTOCALCITE 


Group: Carbonates 


Crystal system: Monoclinic 


Chemical formula: BaCa(C0;); 


Hardness: 4 
Density: 3.66-3.71 
Cleavage: Perfect 


Fracture: Subconchoidal to uneven 
Colour: White, greyish, yellowish, 
greenish 

Streak: White 

Lustre: Vitreous or resinous 


Fluorescence: Pale yellow 


| MINERALS 


Specimens of howlite are 
often stained to resemble 
the gemstone turquoise. 


owlite is white or off-white, and is 
He marked by black or brown 
impurites. It is named after the 
geologist Henry How of Nova Scotia 
(Canada), and was first described in 1868. 
Howlite is a hydrous borosilicate of calcium 
which often occurs in association with borax, 
ulexite and colemanite. It absorbs fluid easily 
(is highly porous) and, when stained with blue 
dye, may closely resemble turquoise, a valuable 
gemstone which is a hydrous hydrated phosphate 5t 
of copper and aluminium. ccc : 4 A specimen of 
unstained howlite 
from the USA. 


HOWLITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: Ca,B;Si0,(0H); 


Hardness: 3/ 


Density: 2.45 
Cleavage: None 


Fracture: Uneven to conchoidal 
Colour: White 


Streak: White 


Lustre: Earthy, sometimes vitreous 


Fluorescence: Sometimes blue, whitish or yellowish white 


Turquoise lookalike 

In addition to the ease with which it may be stained, 
there are numerous other reasons why howlite makes 
such a convincing simulant of turquoise. The mineral 
is highly resistant to heat and has no cleavage; these 
characteristics make it relatively easy to tumble into 
beads and carve into a wide range of decorative shapes. 


CHARACTERISTICS 


Howlite is a member of the silicate group of 
minerals. Each molecule is composed of two atoms 
of calcium, five atoms of boron, one atom of silicon, 
nine atoms of oxygen and five hydroxyl ions 
(chemical formula OH). 

Despite its softness (Mohs Scale 3%) aggregates 
of howlite may be compact enough to withstand a 
good polish - this physical characteristic increases 
their effectiveness as a simulant of turquoise. 

The density of howlite is lower than that of 
turquoise - howlite weighs 2.45 times more than the 
equivalent volume of water at room temperature, 
while the density of turquoise is 2.6-2.84. 


4 Howlite often occurs in compact, rounded masses like 
this. when such specimens are dyed and polished, they 
may be turned into convincing imitations of turquoise. 


A This specimen of genuine turquoise is remarkably 
similar in appearance to the stained howlite below. 


Moreover, the chances of mistaking dyed 
howlite for genuine turquoise are greatly increased 
by the physical variability of the real gemstone. In 
particular, the colour of turquoise is seldom consistent 
(homogeneous) within a single specimen, let alone 
throughout a whole deposit. 


Different hardness 

However, if the hardness of a specimen is 
tested, it should be easy to establish 
whether the mineral is howlite or 
turquoise. Howlite has a hardness 

of 34 or less on the Mohs Scale, 

while turquoise registers 5—6. 


Sources of howlite 

Howlite is found mainly in Nova 

Scotia (Canada) and the Mohave Desert, 
California (USA). 


MINERALS | 


TOO BLUE TO BE TRUE 


houap, blue-dyed howlite and turquoise are’ 

^ in appearance, both having a compact 
nodular or earthy habit, they belong to different 
systems of symmetry, howlite bing in the monoclinic 
crystal system while turquoise is classified in the 
triclinic system. The hardness of the two minerals is 
also different; howlite registers 3% or less on the 
Mohs Scale of hardness, whereas turquoise is much 
harder, scoring 5-6. Howlite has a lower density than 
turquoise, at 2.45, while that of turquoise is 2.60-2.84. 

Collectors may also be guided by the colour, |. 

which in stained howlite may sometimes appear 
too consistent throughout the specimen to 
genuine turquoise - some sone just de 


blue to be true. 
ki a 


A This collection of semi- 
precious stones includes 
a specimen of white 
howlite and another 

of turquoise. 


4 Pieces of howlite that 
have been stained with 
blue dye to resemble 
turquoise. 
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On the mineral 
trail: Albania 


A small republic 

in the Balkan 

Peninsula of MONTENEGRO 
southeast Europe, 


SERBIA 


Kosovo 


m Kruja MACEDONIA 


Albania extends for e Tirana 
340km from north 
to south and 153km 
from east to west at 
its widest point. It 
occupies a total 

land area of about 
28,750 sq. km. The 
country is bordered : 

in the north by b .. GREECE 
Montenegro and BR m 

Serbia, in the east Major mineral deposits DM 

by Macedonia, in 

the southeast by Greece and in the 

west by the lonian Sea and the Adriatic 

Sea. Italy lies only 90km to the west. 


lbania contains a wide range of natural 
pne the most valuable of which are 

asphalt, chromite, nickel-rich iron ore, lignite 
coal, natural gas and petroleum. 


m Berat 


m Selenice 


The lie of the land 
Apart from the narrow coastal lowland region in 
the far west of the country, more than 70 per cent of 
Albania is mountainous — the country has an average 
elevation of 700m above sea level. 
The country’s most prominent mountain range is 
the North Albanian Alps, a chain of rugged limestone A Traditional houses in the historic town of Kruja, home 
peaks which include Mount Korab (2753m), the of Albania's national hero Gjergj Skanderbeg (1405-1468). 


country's highest mountain. To the south of the Drin 
River, the central and southern parts of the country, 
though still mountainous, have a less imposing aspect 
and the terrain in these parts is markedly less rugged. 
Northern Albania contains substantial deposits of a 
large number of metallic ores, which are concentrated 


> The North Albanian 
Alps, a range of rugged 
limestone peaks which 
contain large quantities 
of chromium and other 
valuable minerals. 


<A view of the city of 
Berat, known as 'the town 
of a thousand windows'. 


4 Y Ruins of the ancient 
Greek city of Butrint, 
which was conquered by 
the Romans in the second 
century BC. 


especially in the Alps around Mount Korab. The most 
economically significant of these minerals is chromite 
(iron chromium oxide), and by the late 1980s Albania 
was the world's third largest producer of chromite. 
However, production collapsed during the 1990s, 
before starting to recover in the early 2000s. In 2007 
chromite production was 285,000 tonnes. 

Copper is also mined in the Albanian Alps and 
turned into wire, one of the country’s most important 
exports. The same region contains substantial reserves 
of iron ore which is rich in associated nickel. 


Other resources 

Large deposits of soft brown coal (lignite) are found 
near the capital, Tirana, and asphalt is mined near 
Selenice. There are hydroelectric power plants in many 
parts of the country. The most important of these are 
on the River Drin, the country’s principal waterway. 
Natural gas and petroleum are extracted near Delvina 
in the southwest of the country. 


Inliers and outliers 


Inliers and outliers are specific patterns of rock 


exposure that are produced by folding 
and/or faulting and erosion. 


n simple terms, an inlier is a limited area of 
older rocks completely surrounded by younger 

y g 
ones. An outlier is the exact opposite — a 


limited area of younger rocks completely 
surrounded by older ones. 


Classic example 

The inlier in the English Lake District exposes 
rocks of Ordovician and Silurian age. These are 
surrounded by younger rocks of Carboniferous 
and Permo-Triassic age. These younger rocks used 
to cover the whole area but have been eroded to 
reveal the inlier of older rocks. 


» The Mendip Hills (Somerset, England), which are 
good examples of an inlier - older rocks completely 
surrounded by younger ones. 


v Mount Suilven (Sutherland, Scotland) is an 
outlier composed of sandstone completely 
surrounded by much older gneiss. 
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Inliers and outliers 


Inliers 

Inliers are areas of older rocks that are completely 
surrounded by younger ones. They usually become 
exposed when erosion and weathering remove rocks 
which previously covered the older rocks. For 
example, the slates and volcanic rocks which 

now form the hills and mountains of Cumbria 
(England) are a great inlier surrounded by younger 
Carboniferous and Triassic sedimentary rocks. 
These sediments once covered the whole area but 
have since been eroded back to their present 
positions, leaving older rocks exposed. 


> Roseberry Topping, an feria 
outlier in the Cleveland 
Hills (Yorkshire, England), 
was formed as erosion 
left an isolated hill. 


v Coniston Fells in the 
Lake District (England) 
are part of a large inlier — 
ancient rocks surrounded 
by younger ones. 


Outliers 
Outliers are areas of relatively young rock surrounded 
by older rocks. 

Such features are often hills or areas of high ground 
left isolated from other outcrops of the same rock. Like 
inliers, outliers are often produced by erosion and 
weathering, although faulting and/or folding may also 
be involved. When an upland area is weathered and 
eroded, these processes may not act consistently across 
the whole upland region. Weaknesses in the rocks, 
such as faults and joint systems, allow erosional forces 
to act differently in different locations. 


` Lakes 


The term ‘lake’ is used to describe any relatively large body of fresh or salty 
(saline) water that occupies a basin surrounded on all sides by land. 
It may feed and/or be fed by rivers or streams. The freshwater lake with the 
largest area is Lake Superior in North America; the lake with the largest volume 
of water is Lake Baikal in Russia. 


the world and can be caused by a wide variety 
of geological processes. However, most are 
formed through the action of glaciers. Lakes are thus 


l akes are found in all but the most arid parts of 


found mainly in high latitudes and mountain regions, 


especially in Canada, the Lake District of England, 


Finland, Scotland, Sweden, northern USA and Wales. 


Ice Age relics 

Many of the lakes in these areas were formed about 
10,000 years ago at the end of the last Ice Age, an 
extended period during which huge glaciers gouged 
out depressions in the surrounding and underlying 
bedrock. When the Earth's climate began to warm, 
many of these glaciers melted, leaving behind 

pools of landlocked water in the 
channels along which they had 
previously flowed. 


< Ullswater in the Lake District of 
Cumbria (England) is a ribbon lake in 
a glacial valley. It is constantly being 
infilled by sediment and will 
eventually cease to exist. 


v Some of the lakes formed in the 
troughs carved out by glaciers may be 
so deep that their bottoms lie below 
present-day sea level. One such lake is 
Loch Assynt in Sutherland (Scotland), 
which is 77m deep, while its shore lies 
only about 60m above sea level. 
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Here today and gone tomorrow 

For a lake to survive today, its water must be 
regularly replenished by sources such as inflows of 
melting ice and snow, rainfall, rivers, springs and 
direct drainage from the surrounding land. 

These fresh supplies may contain sediment, 
solid particles that become consolidated over 
thousands of years to form new land where there 
was once an expanse of water. Meanwhile, the 
outlet of a lake may be eroded to such an extent 
that its basin is drained more quickly than it can be 


DISCOVERY | 


replenished. These effects contribute to the 
destruction of lakes, which are generally 
impermanent (transient) features. 

In areas of igneous and metamorphic.rocks, 
lakes may be more enduring, as these rocks are less 
susceptible to erosion than most sedimentary rocks. 
Nevertheless, lakes here will eventually disappear. As 
sediment settles on a lake bed, vegetation begins to 
grow around the shallow edges, trapping more 
sediment, and in time plants will colonise the 
whole area. 


4 A volcanic crater lake 
at Kerrid (Iceland). The 
lava that once flowed 
into the crater from 
below has solidified into 
igneous rock, forming a 
plug that prevents water 
draining away. 


v Buttermere in the 
Lake District of Cumbria 
(England). This glacial 
ribbon lake occupies a 
classic U-shaped valley 
with steep sides and a 
flat floor. 
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GEMSTONES 


Although large, 
clear rubies do exist, 
gemstones with 
inclusions can sometimes be 
more valuable. 


uby derives its name from the Latin 

word ruber, meaning ‘red’. Inclusions of 

other minerals, notably rutile, can 
cause striking visual effects such as ‘silk’ 
and asterism. 

Ruby is a gemstone variety of the 

A The magnificent Edwardes 
ruby crystal, weighing 167 
carats (33.499), forms part of 
the mineralogical collection 
of the Natural History 
Museum, London (England). 


mineral corundum (aluminium oxide) 
and derives its red colour from the 
presence of minute amounts of 
chromium. 

Tiny needle-like crystals of 
rutile (titanium oxide) often occur 
in ruby as inclusions, and these give 
rise to a shimmering optical effect 
4 A ruby cut in the shape of a 
rectangle with bevelled edges. 


4 Rubies embedded in a rock base (matrix) and 
photographed in ultraviolet light. 


v 4 These ruby gemstones were panned from river 
gravels and have been smoothed and rounded by 
abrasion. Ruby derives its red coloration from small 
amounts of chromium. 


CHARACTERISTICS 


Ruby is the red gemstone variety of the mineral 
corundum (aluminium oxide). Its crystals are 
classified in the trigonal system of symmetry, 
and may be prismatic, tabular, pyramidal or 
rhombohedral. The faces are often striated 
(grooved) and twinning (the sharing of faces by 
adjacent crystals) is common. 

Defining point 9 on the Mohs Scale of hardness, 
corundum is the world's second hardest naturally 
occurring mineral after diamond. Its density is above 
average at 4.0-4.1. 
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Because it is chemically very simple, consisting only | 5 
of aluminium and oxygen, ruby is eminently suitable | Ww 


for producing synthetically, and was the first 
gemstone to be manufactured on a commercial 

| scale. At the beginning of the 20th century, the 
Frenchman August Verneuil produced the first 
successful synthetic rubies using a flame fusion 

| technique. 

| Ruby gemstones are also sometimes 

| imitated by the manufacture of doublets. These are 
combinations of two materials joined together, one 
on top of the other. They may consist of red garnet 
glued onto coloured glass, or natural corundum | 
fused onto synthetic ruby. The naturally occurring 
material is always on the top, as this provides the | 
hardness, lustre and, sometimes, inclusions found | 
in a natural ruby. 


Precious stone 


A A large ruby crystal which shows clearly the 
hexagonal cross section. 


known as ‘silk’, which can 4 This precious ruby has been cut 
into a smooth, domed cabochon 
shape to bring out the 
starlike optical effect 


known as asterism. 


increase the value of the gem. 


Pleochroism 
With or without 
inclusions, the colour 
of any ruby may vary, 


depending on the 
position of the light 
source and the angle 
from which it is viewed. 
The scientific term for 
this phenomenon is v The petals of 
this flower-shaped 
brooch are made of 
polished rubies; the 
stamens are diamonds. 


pleochroism. In addition to 
red, rubies may be pinkish 
or purple. 

Although rubies may be cut 
in almost any style, the most 
popular treatments are the 
mixed cut (which is often 
predominantly oval) and the 
smooth, domed cabochon. The 
latter cut is particularly suitable for gemstones 
with 'silk'. 


Close resemblance 

The gems that most closely resemble ruby are 
garnet and spinel. However, neither of these exhibits 
pleochroism, and whereas rubies become more 
brightly coloured when viewed in strong light, this 
is not a characteristic of spinels or garnets. Another 
gemstone that can superficially resemble ruby is 

red tourmaline (rubellite), but although this is 
pleochroic, it does not brighten in strong light and 
is not as hard or as dense as ruby. 


! MINERALS 


Botallac 


Botallackite is an extremely rare 
mineral usually associated 
with copper ores. 


otallackite is usually green, 

but may sometimes be bluish 

green. It was first identified in 
1865 by Richard Talling (1820-1883), a 
distinguished mineral dealer who named 
his new discovery after the Botallack 
copper and tin mine on the western tip 


of Cornwall (England). 


A Botallackite from the Levant Mine, Cornwall (England). 


4 Botallackite from the mineral's type locality — 
Botallack, Cornwall (England). 


Botallackite is often closely associated with 
atacamite and paratacamite. All three minerals are 
hydrous copper chlorides; in scientific terms, they are 
said to be trimorphous. 


CHARACTERISTICS 


Botallackite is a member of the chloride group of 
minerals. Each molecule is composed of two atoms 
of copper, one atom of chlorine and three hydroxyl 
ions (chemical formula OH). 

Crystals of botallackite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. They occur 
as minute prisms, but may also take the form of 
microcrystalline encrustations on the surface of 
other minerals and rocks. 

Botallackite weighs 3.6 times more than the 
equivalent volume of water at room temperature. 
It is a fairly soft mineral, registering 3 on the Mohs 
Scale of hardness. 


4 Atacamite, which is often associated with 
botallackite, a mineral it closely resembles. 
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Botallackite occurs in the 
altered parts of copper- 
bearing veins. It is most 
commonly found in 
association with other 
copper-bearing minerals, 
particularly atacamite and 
paratacamite, and with 
native copper. 

This rare mineral has 
been found at the classic 
location (type locality) near 
St Just, Cornwall (England). 
It also occurs in Chile, 
Brittany (France), Germany 
and Laurium (Greece). 


A Abandoned engine houses at the mineral's type Crystal systems 
locality - Botallack Mine near St Just, Cornwall (England). — Botallackite and paratacamite belong to the 
Once an abundant source of copper and tin, this monoclinic system of crystal symmetry, while 
mine has been closed since 1914. Beneath the sea, atacamite is classified in the orthorhombic system. 
drilling shafts have been excavated outwards for Crystals of botallackite are minute and prismatic; 
more than 1000m. those of atacamite are usually prismatic and needle- 
like (acicular), but may sometimes be tabular, and 
FACT FILE they have parallel grooves (striations) on their faces; 
paratacamite forms rhombohedral crystals. Atacamite 
BOTALLACKITE and paratacamite are green to blackish green. 
Group: Chlorides Although the other two minerals occur in many 
Crystal system: Monoclinic parts of the world, botallackite is extremely rare and 
Chemical formula: Cu;CI(OH); is found in only a handful of places. 
Hardness: 3 
Density: 3.6 
Cleavage: Perfect 
Fracture: Uneven 
Colour: Green or bluish green 
Streak: Greenish 
Lustre: Vitreous to dull 
Fluorescence: None 


> Green botallackite 
forming a microcrystalline 
crust on rock. The 
associated yellowish 
mineral is limonite, a 
hydrous oxide of iron. 
This specimen was found 
at the Levant Mine, 
Cornwall (England). 


Greisen 


Some occurrences of this 

altered rock are important 
AWO industrial sources of 
tin and tungsten. 


reisen is a metamorphic 
rock that is generally grey 
but may also be brown. 
It is a coarse-grained rock with a 
glittering appearance, and is composed 
mainly of mica and quartz. 


Greisening 
Greisen is formed when hot gases alter solidified 
magma, a process known generally as pneumatolysis. 


Specifically, in the case of greisen, vapours carrying A Well formed crystals of topaz on a base (matrix) 
boron, fluorine and lithium pass into pre-existent of greisen, a rock that has been altered by a 
granite; biotite and feldspar in the original rock process known as pneumatolysis. 


are then replaced by quartz, lithium-bearing micas 


and sometimes by kaolinite, topaz or tourmaline. FACT FILE | 


In scientific terms, this particular form of 
pneumatolytic alteration is known as greisening. GREISEN 

Type: Metamorphic rock 
Y Greisen from Cumbria (England). This quartz- and Essential components: Mica, quartz 
mica-bearing rock is formed when fluorine-rich gases Secondary components: Cassiterite, kaolinite, topaz, 
affect the minerals in pre-existent granites. Note the tourmaline 
characteristic glittering surface. Colour: Grey or brown 

Texture: Equigranular 


Grain size: Coarse 
Density: 2.6-2.8 
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T1 Š k 47 
The essential mineralogical components of greisen 
are mica, especially lepidolite (a lithium-bearing 
potassium fluorosilicate), and quartz (silicon dioxide). 
The following are some of the numerous 


"Greisen is an altered (metamorphic) rock. It occurs in 
granites, Where it may take the form of veins. The 
original granite is changed (metamophosed) by hot 
gases rising from depth in the Earth's crust, a 


| 

| accessory minerals which may also be found in process known as pneumatolysis. These gases 

| greisen: cassiterite (tin oxide); kaolinite (nydrous | are rich in fluorine and other elements. 

| aluminium silicate); topaz (hydrous aluminium | Greisens are found in many parts of the world 
fluorosilicate); and tourmaline (a complex including Cornwall and Cumbria (England) and 


borosilicate). | Esmeralda County, Nevada (USA). 
Among other minerals SR 
which may also sometimes 
be present in greisen are 
apatite (calcium 
fluorophosphate), 
chalcopyrite (a sulphide of 
copper and iron), fluorite 
(calcium fluoride) and 
rutile (titanium oxide). 


4 Greisen from Cornwall 
(England). The minerals 
from which this rock has 
been altered were mainly 
feldspars in pre-existent 
granite. 


Greisen typically occurs 
in belts or veins that intersect 
surrounding granites. The 
transition between the two rock 
types is gradual — one changes gradually into the 
other, and the dividing line is sometimes unclear. 
Greisen that is particularly rich in quartz and topaz is 
sometimes known as topazfels. 


Industrial uses 

Among the most valuable accessory minerals in 
greisen are cassiterite and wolframite. The former is 
an important source of tin; the latter is the principal 
ore of tungsten. Tin (chemical symbol Sn) is used 
extensively in alloys, especially bronze and pewter, 
and as a non-corrosive coating for steel. Tungsten 
(chemical symbol W) is used in lamp filaments, 
electrical contacts and as an alloy to make high-speed 
cutting tools. 


A This light brown 
specimen of greisen is rich 
in lithium-bearing mica. It 
was found in Cornwall 
(England). 


< This specimen of 
greisen is slightly 
yellowish, a colour 

it derives from tiny 
crystals of gilbertite. 
This mica mineral is a 
variety of muscovite, 
a hydrous silicate of 
potassium and 
aluminium. 
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Picrite 


Picrite is a medium-grained 

ultrabasic igneous rock that 
“amie Often contains a wide range 
of minerals. 


icrite is typically a dark greenish grey colour. 

It is formed from magma deep beneath the 

surface of the Earth and often occurs in igneous 
intrusions, especially sills. Chemically and physically, 
it is similar and closely related to peridotite. 

At least 90 per cent of any picrite specimen is 

composed of ferromagnesian minerals (silicates of iron 
and magnesium). The remaining 10 per cent of the 
rock is made up of Et M "- asi i 
plagioclase feldspars "Rows R A EE r A ORE ee A A specimen of 
(silicate minerals of the à ia! "ar RP Co cae oe ys ; $ Je "a sue | greyish, medium- 
albite-anorthite solid EEE VATI E Ut ieee grained picrite from 
solution series). Mere ir TR ZR. ii PODES 04 Aberdeen (Scotland). 


v A dark green intrusion 

of picrite that has cut x DEP. e. ri A aes 

through the surrounding Er Mega EN OU, saa, Lg The dark green 
gneiss and been partly c MN WU. d aUe Aa 7. areas in this picrite 
overlaid by a modern z PHP MSS ee vi Ard ve NA f are ferromagnesian 
dune deposit (Sutherland, dU VEA E ‘3 y RS de UR AR ont minerals; the paler 
Scotland). Ln A. PINE Ari CGS Fale i specks are feldspars. 


CHARACTERISTICS - 


Picrite is a dark coloured 
igneous rock. With a density 
of 3.5 it is one of the heavier 
rocks. 

The exact composition of 
picrite may vary somewhat, but 
it is made up of around 90 per 
cent of ferromagnesian 
minerals and 10 per cent 
feldspar. It is thus classified as 
an ultrabasic rock, having less 
than 45 per cent total silica. 

In many picrites the ferro- 
magnesian mineral olivine has 
been altered to serpentine 
minerals. Picrites are medium- 
grained rocks. 


FACT FILE 
PICRITE 


Type: Intrusive igneous rock 


Essential components: Ferromagnesian minerals, 
plagioclase feldspars 
Colour: Dark greenish grey 


Texture: Equigranular or porphyritic 


Grain size: Medium 


Density: 3.5 


> Large crystals of 
pyroxene minerals in 
greenish grey picrite 
(Sutherland, Scotland). 
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ORIGINS and DISTRIBUTION 


Picrite is formed from magma - in scientific terms, 
itis classified as an intrusive igneous rock. It is an 
ultrabasic rock that is very poor in silica. 

Augite-rich picrite is found in the Czech 
Republic and in various parts of Scotland, notably 
the Grampian region, Ross and Cromarty and 
Sutherland. Hornblende picrite occurs in the 
Isle of Anglesey and parts of Gwynedd (Wales). 

In other parts of the world, picrite is found in the 
following locations: Nassau (Bahamas); northern 
Canada; Cornwall and Devon (England); and 
Fichtelgebirge (Germany). 


Three main varieties 
Picrites are sometimes sub-divided according to their 
predominant mineral type. 

The main categories are augite picrite, enstatite 
picrite and hornblende picrite. Olivine-rich picrites 
are known as picrite basalts. 


Decomposition 

Some of the original minerals in picrite may have 
been decomposed by late stage geological activity. 
Olivine, for example, is often replaced by serpentine 
minerals, while pre-existent talc may be substituted 
by hornblende within the rock. 


<A dyke of weathered picrite at Clachtoll, 
Sutherland (Scotland). The surrounding 
rocks are gneisses. 


Plumbogummite is a rare 
phosphate of lead and aluminium, 
of interest to mineral collectors. 


lumbogummite can be blue, grey, white, 
yellowish, brownish or greenish. Its name 
is derived partly from one of its metallic 
components — plumbum is the Latin word for ‘lead’ — 
and partly from its gumlike (resinous) appearance. 
Plumbogummite is a hydrous hydrated phosphate 
of lead and aluminium which often occurs in mineral 


*Plumbogummite| 


veins with a wide range of other metallic minerals. 


FACT FILE 


PLUMBOGUMMITE 


Group: Phosphates 

Crystal system: Trigonal 

Chemical formula: PbAl;4(PO;);/(OH)s.H;0 
Hardness: 4-5 

Density: 4.0 

Cleavage: None 


Fracture: Uneven to subconchoidal 


Colour: Blue, grey, white, yellowish, brownish, greenish 
Streak: White 
Lustre: Resinous to dull 


Fluorescence: None 


A Brownish plumbogummite with white calcite from a 
lead vein in Cumbria (England). 


> Blue 
plumbogummite 
with greenish 
pyromorphite from 
the Roughten Gill Mine, 
Caldbeck Falls, Cumbria 
(England). 


ath 
Screg mas 


Plumbogummite is a member of the phosphate 

group of minerals. Each molecule is composed of | 
one atom of lead, three atoms of aluminium, two 
phosphate ions (chemical formula PO,) and five 
hydroxyl ions (chemical formula OH), together with | 
one attached molecule of water of crystallisation. 

Crystals of plumbogummite conform to the | 
trigonal system of symmetry and are tiny and | 
prismatic. The mineral often occurs as grape-shaped | 
(botryoidal) clusters or microcrystalline crusts on the 
surface of other minerals and rocks. 

Plumbogummite has a hardness of 44-5 on the 
Mohs Scale; this is relatively hard for a lead-bearing 
mineral. (Galena, for example, registers only 27 on 
the Mohs Scale.) As would be expected of a mineral 
containing lead, plumbogummite's density is higher 
than average, at 4.0. 


RACTERISTICS i 


jesoulw eased. 


Although plumbogummite contains lead and 
aluminium, it is not used as an ore of these metals, 
because it does not occur in sufficient quantities to 
make mining it economically viable. 


Associated minerals 

The following are some of the best known minerals 
with which plumbogummite is commonly associated: 
calcite (calcium carbonate), limonite (hydrated iron 
oxide), marcasite (iron sulphide) mimetite (lead 
arsenate chloride), romanechite (a hydrous oxide 

of barium and manganese), pyromorphite (lead 
phosphate chloride) and quartz (silicon dioxide). 


crandallite group 
Plumbogummite is also found in association with 
crandallite, a hydrous hydrated phosphate of calcium 


< Blue plumbogummite 
from Cumbria (England). 
The associated yellow 

mineral is pyromorphite. E] 


v Plumbogummite 
with white calcite, 
yellowish mimetite and 
brownish red limonite. 
The type locality of 
plumbogummite is at 
Huelgoet, Brittany 
(France). 


and aluminium with the chemical formula 
CaAL((PO4;(OH)s.H;O. 


The crandallite group of minerals, which 


includes plumbogummite, consists of various 
phosphates and arsenates, most of which are rare. 
The crystals of all these minerals confom to the 
trigonal system of symmetry. 


4 Plumbogummite from Cumbria (England). 


-— Plumbogummite is a secondary mineral formed 

through the alteration of pre-existent minerals. It 

occurs mainly in the oxidation zones of lead ores, but 

may also occur in diamond-bearing alluvial deposits. 
Plumbogummite has been found in the following 

locations worldwide: the Diamantina district, 

Minas Gerais (Brazil); Cumbria (England); France; 

and Arizona, California, Colorado, Georgia and 

Missouri (USA). 
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On the mineral 
trail: Denmark 


Denmark occupies 
an area of just over 
45,000 sq. km in 
northern Europe. 


Apart from a 68km 
land border with 
Germany in the 
south, it is entirely 
surrounded by sea - 
by the Skaggerak in 
the northwest, the 
Kattegat and the 
Oresund in the east, 
the Baltic Sea in the 
south and the North 
Sea in the west. 


Ithough Denmark's most important natural 
ne are offshore oil and natural gas, the 

country also has large deposits of clay, gravel, 
kaolinite and salt. 


JUTLAND 


A Yding Skovhoj 


The lie of the land 

Jutland, the only part of Denmark on the European 
mainland, occupies an area of nearly 30,000 sq. km. 
It is a deeply indented peninsula, extending about 
335km from north to south and 290km from east to 
west at its widest point. 

The rest of the country consists of more than 500 
islands, the largest of which are Bornholm, Falster, 
Funen, Lolland and Zealand. 

The Danish landscape is mainly flat and low-lying 
— less than a quarter of the country is more than 
100m above sea level. Most of Denmark's landforms 
are of glacial origin. 


SWEDEN 


LOLLAND 


Baltic Sea 
» 
GERMANY 


A The colourful Nyhavn waterfront in Copenhagen, 
Denmark's capital city. Dating from the 17th century, 
Nyhavn is now a heritage harbour and a popular 
tourist attraction. 


Denmark - 


On the mineral tra 


During the last two million years, Denmark has 
been totally or partially covered by ice sheets at least 
four times. The limit of the most recent ice advance is 
marked in Jutland by an end moraine that forms a 
range of low hills running north-south. 

Western Jutland was not glaciated during the last 
Ice Age and is marked by undulating areas of older 
glacial deposits and flat expanses underlain by sands 
and gravels washed westward from a melting glacier. 

Fastern Jutland and the islands, which were 
covered during the most recent Ice Age, have a rolling 


landscape dotted with small lakes. The highest point in 


the country, Yding Skovhoj in Jutland, rises to 173m. 


Natural resources 

Since 1972, Danfield, the Danish sector of the North 
Sea, has been worked for its abundant petroleum and 
gas deposits. In 2008 Denmark produced 350 billion 


cubic feet of natural gas, and 288,000 thousand barrels 


of oil a day. 
Inland, the most important area for natural 
resources is Bornholm — the island produces granite, 
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A Denmark is a country of islands, many of them 
connected by impressive bridges. This Faroe bridge, 
constructed in 1985, connects the island of Falster 
with Zealand. 


4 A street in Ronne, on the Danish island of Bornholm, 
where both granite and kaolinite are mined. 


which is used to make houses and roads, and 
kaolinite, which is used in ceramics and the 


manufacture of paper. 


Boulder clays 

Many parts of the country contain boulder 

clays, which are moulded and baked into bricks and 
tiles, and gravel, which is used in road construction. 
Denmark also has extensive supplies of moler, a loosely 
consolidated sedimentary rock rich in algae and silica, 
which is used as an insulating material. 


The white chalk found in many parts of the 
country is used to make cement. Extensive deposits of 
rock salt (halite) are mined in northern Jutland. 


A Large piles of gravel at a gravel pit in Denmark. 
Gravel is quarried throughout the country and exported 
to other Scandinavian countries and Germany. 


William Buckland 


One of the pioneers of modern geology, William Buckland (1784-1856) 
became the first Professor of his subject at the University of Oxford (England). 
A committed Christian who later became Dean of Westminster Cathedral 
in London, Buckland believed in the literal truth of the Biblical account of the 
origins and development of the Earth. Although many of his conclusions are 
now discounted, his original research remains of great value. 


illiam Buckland was born in Tiverton, 
Devon (England) on 12 March 1784 and 
educated at Winchester public school and 


Corpus Christi College, Oxford. He was made a 
fellow of the college in 1808 and, in 1813, became 
the University's first Professor of Mineralogy. In 
1818, he achieved an even greater distinction, being 
elected a Fellow of the Royal Society (London). 

Buckland spent much of his academic career 
attempting to reconcile contemporary geological 
discoveries — especially those of fossils, which 
suggested that the world must be many millions of 
years old — with the Old Testament of the Bible, the 
text of which was interpreted to mean that the Earth 
was created less than 6000 years ago. 


Fieldwork 

Buckland is best remembered for his work in the 
Kirkdale Cave near Pickering, Yorkshire (England). 
This cave is a very important fossil site, in which 
were found the remains of many mammals that lived 
before the last Ice Age. 


> William Buckland as Dean of Westminster, a post he 
held from 1845 until his death in 1856. 
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<A hand-coloured plate 
from a first edition of 
Buckland's famous 
‘Bridgewater Treatises’ 
(1836), showing a primary 
series of rocks with 
sedimentary strata 
resting upon it and 
igneous intrusions. 
Although the conclusions 
drawn by Buckland are 
now thought to be 
inaccurate and anti- 
evolutionary, his research 
is still of great value 

to geologists and 
palaeontologists. 
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William Buckland 


A Although Buckland believed in the literal truth of 
the Bible, he was aware of the power of glaciers in the 
formation of the Earth's modern landscape. This U- 
shaped glacial valley is in Ross and Cromarty (Scotland). 


A Buckland studied the fossils of southern England, 
which included ammonites such as this fine Asteroceras. 


In 1823, Buckland published Reliquae Diluvianae 
(‘Relics of the Deluge’), a detailed account of his 
Kirkdale findings. Then, in 1836, he brought out 
Geology and Mineralogy Considered with Reference 
to Natural Theology. This was one of Buckland's 
celebrated “Bridgewater Treatises on the Power, 
Wisdom and Goodness of God as Manifested in 
the Creation’. 

These works contain a wealth of valuable 
information, but the conclusions drawn by Buckland 
have not stood the test of time. His now discounted 
view was that most of the erosion and sedimentation 
on the surface of the Earth was caused by the great 


A Kirkdale Cave, near Pickering (Yorkshire, England), 
where Buckland found the bones and teeth of more 


flood described in the Book of Genesis. 
William Buckland died in Clapham, London, in 
August 1856. 


than 200 hyenas, as well as the remains of elephants, 
hippopotamus and rhinoceros that are now known to 
have lived more than 10,000 years ago. 
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Find out about allophane, 
duftite and gadolinite, and 
discover how tors are 
formed 


..and more! 


Obsidian is a widespread 

extrusive igneous rock and 
the commonest naturally 
occurring form of glass. 


bsidian is formed by the 
rapid cooling of lava from 
volcanoes. Much volcanic 
lava solidifies into crystals, but the 
unusual feature of obsidian is that 
it takes the form of a non- 
crystalline glass. 
Because it is glass, when 
obsidian is broken, very sharp edges 
are produced. This characteristic 
made it valuable in prehistoric times, 
when it was used to make axes and other 
tools, together with daggers and swords. 


A Two examples of black obsidian showing 
conchoidal fracture. 


- CHARACTERISTICS 


Obsidian has the texture of glass, and may 
sometimes contain tiny crystals (crystallites) or 
minute rounded inclusions (spherulites) of feldspar. 
A striking variety of obsidian is known as 
snowflake obsidian, the white ‘snowflakes’ 
being small areas of devitrified glass within 
the surrounding black obsidian. 
When subjected to pressure, obsidian will 
A A close-up of broken obsidian, showing the sharp break along its weakest structural planes, producing 
edges that made it so useful to prehistoric peoples. patterns reminiscent of those on a seashell. Thus, 
in scientific terms, obsidian is said to display 
conchoidal fracture. 


4 A huge pile of obsidian 
and pumice, another 
volcanic rock, in Oregon 
(USA). 
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A This piece of black obsidian was used as an axe by 
Stone Age people, who found that its sharp edge could 
cut wood and other materials. 


Viscosity 
Obsidian fails to crystallise because the molten lava 
from which it forms contains about 1 per cent water. 


This makes the liquid thick and sticky (viscous) and 


causes it to cool too quickly for crystals to form. 


Crystallites 
Obsidian is full of closely packed, embryonic crystals 
(crystallites) which scatter light entering the rock. 
This gives specimens of obsidian their black colour, 
and they are virtually opaque although they may 
sometimes be transparent at the edges. 

Obsidian may also contain globular (spherulitic) 
inclusions, or minute crystals of feldspar. 


Perlite 
When obsidian cracks during cooling, it may 
develop an intricate network of concentric 


> A specimen of snowflake obsidian. 
The pale 'snowflakes' are clusters of 
white devitrified glass. 
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idian is an extrusive igneous rock: formed by the 
apid cooling of volcanic lava. 

Although it is the principal naturally occurring 
form of glass, obsidian is not common but it is 
widespread. The largest masses are formed in lava 
flows, where it often occurs in assecittien with 
rhyolite. 

Obsidian is found in the following locations: 
Mount Hekla (Iceland); the Lipari Islands (Italy); Japan; 
Java; and Obsidian Cliff, Yellowstone National Park, 
Wyoming (USA). PN 


FACT FILE 
OBSIDIAN 


Type: Extrusive igneous rock 

Essential component: Glass 

Secondary components: Feldspars, ilmenite, magnetite, quartz 
Colour: Black 

Texture: Glassy 

Grain size: Extremely fine 

Density: 2.65 


cracks. This variety of obsidian has a pearly lustre 
and it is from this that it derives its name, perlite. 


Closest relative 

Obsidian is not a particularly abundant rock. Most 
examples are extremely rich in silica (silicon dioxide). 
The closest relative of obsidian is rhyolite. 
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Bentonite is a highly absorbent 
sedimentary rock with a wide 
range of practical uses, 

notably as a drilling mud to cool 

and lubricate rock drill bits. 


entonite is mainly white but may 
B also be brown or grey in colour. It is 
named after Fort Benton, Montana 
(USA), where it was originally described. 
Bentonite is a clay formed by the alteration of glass 


particles in volcanic ash. A A specimen of bentonite from Somerset (England). 
Marker horizons CHARACTERISTICS Fe 
As each deposit of bentonite results from the deposition si; 
of ash or tuff from a particular volcanic eruption, so Bentonite is a fine-grained rock. Its essential 
such deposits are extremely useful to stratigraphers mineralogical components are aluminosilicates of 
(geologists who make a study of strata) as ‘marker the smectite group, predominantly montmorillonite 
horizons’, allowing strata containing bentonite to be (a hydrated hydrous silicate of sodium, calcium, 
correlated over a wide geographical area. aluminium and magnesium); other members include 
beidellite and nontronite. 
Clay minerals The following are among the most important 
Bentonite is a fine-grained rock, the main component accessory minerals that may be found in bentonite: 
mineral of which is montmorillonite. This is a member biotite (a complex silicate of the mica group); illite 
of the smectite group of clay minerals, all of which are (a mixture of hydrated and anhydrous muscovites); 
complex silicates. orthoclase (potassium aluminium silicate); 
plagioclase (feldspars of the albite-anorthite solid 
solution series); and quartz (silicon dioxide). Some 
specimens may retain the powdered (pulverised) 
remnants of pumice, an igneous rock formed from 
the ashes of volcanic eruptions. 


4 Bentonite clay that 
has been eroded in 
the Badlands area of 
Theodore Roosevelt 
National Park, North 
Dakota (USA). 
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A Bentonite is formed from deposits of volcanic ash 
which have lost their original glass content, a process 
known scientifically as devitrification. 


'There are different forms of bentonite: one is 
rich in sodium, another contains concentrations of 
calcium, and a third variety is potassium bentonite. 


Sodium bentonite 

Sodium-rich bentonite has the capacity to absorb 
large amounts of water: it may swell to many times its 
original volume and turn into a gel-like mass. Sodium 
bentonite is used to seal dams and in the manufacture 


> The make-up of 
bentonite may be variable 
but it mainly consists of 
montmorillonite, a 
hydrated hydrous silicate 
of sodium, calcium, 
aluminium and 
magnesium. 


FACT FILE 
BENTONITE 


Type: Sedimentary rock 
Essential components: Montmorillonite and other 
smectite group minerals 


Secondary components: Feldspars, mica, pumice, quartz 
Colour: White, brown, grey 
Texture: Granular 


Grain size: Fine 
Density: 2.0-3.0 


> This is the form in 

which bentonite is most 
commonly seen in daily life 
- dried and granulated. 
This sedimentary rock is 
used as an absorbent in 
cat litter. 


from volcanoes. These particles may be carried by 
the wind over vast distances and - as they are all 
deposited at the same time - the rocks formed from 
them are excellent indicators of the relative age of 
the strata that surround them. 

The world's main industrial producers of 
bentonite are Argentina, Brazil, Canada, Cyprus, 
Germany, Greece, Hungary, India, Italy, Japan, Mexico, 
Poland, Spain and Turkey. In the USA, there are major 
deposits in Arizona, California, Colorado, Montana 


5 Wyoming. 


of cement, ceramics, concrete, emulsions, insecticides, 
paints and paper. It is also used to clarify fruit juice 
and liquor, and as a softener to remove calcium from 
hard water. 


Calcium bentonite 

Calcium-rich bentonite does not swell but is absorbent 
and is known as fuller's earth. (The name is derived 
from fulling, a method of removing grease from cloth 
and wool by absorption.) It is the most common form 
of bentonite. 


Clinozoisite is a silicate mineral 
belonging to the epidote group. 
Its slender crystals are 
transparent or translucent. 
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linozoisite may be pale green, grey, pink, 

yellow or colourless. Its name is derived 

from the fact that its crystals are classified 
in the monoclinic system of symmetry, as 
opposed to those of the closely related mineral 
zoisite, which belong to the orthorhombic system. 

Chemically, clinozoisite is a hydrous silicate of 

calcium and aluminium. Like zoisite, it belongs to 
the epidote group of minerals. 


Epidote group 
This is a group of silicate minerals, some of which are 
classified in the monoclinic system of symmetry and 
others in the orthorhombic system. In addition to 
clinozoisite and zoisite, other members include epidote 
itself, piedmontite and allanite. 


-Clinozoisite is found mainly in igneous and regional 
metamorphic rocks and in contact zones of altered 
limestone. It may also be a secondary mineral 
formed through the alteration by heat of calcium- 
rich plagioclase feldspars. 

Clinozoisite has been found in the following 
locations: The Tyrol (Austria); Canada; Vernirovice 
(Czech Republic); India; Ireland; the Ala Valley, near 
Turin (Italy); Alamosa, Baja California and Sonora 

(Mexico); Switzerland; and California (USA). 


Dimorphous minerals 

Clinozoisite and zoisite are said to be dimorphous 
minerals, having identical chemistry but different 
physical characteristics. While clinozoisite crystals 


A Two radiating 
aggregates of pinkish-red 
clinozoisite crystals in 
metamorphic rock. 


4 Pink and greyish green 
crystals of clinozoisite 
from California (USA). 
Note the glassy sheen 
(vitreous lustre). 


Widespread mineral 


A This clinozoisite from Alamosa (Mexico) was formed in 
igneous rock through the alteration of feldspar. 


FACT FILE 


CLINOZOISITE 


Group: Silicates 


Crystal system: Monoclinic 
Chemical formula: Ca,Al,Si,0,,(0H) 
Hardness: 6% 

Density: 3.21—3.38 

Cleavage: Perfect 

Fracture: Uneven 


Colour: Pale green, grey, pink, yellow, colourless 


Streak: Colourless 


Lustre: Vitreous 


Fluorescence: None 


Clinozoisite is a member of the silicate group of 
minerals. Each molecule is composed of two atoms 
of calcium, three atoms of aluminium, three atoms 
of silicon, 12 atoms of oxygen and one hydroxyl ion 
(chemical formula OH). 

Crystals of clinozoisite conform to the monoclinic 
system of symmetry, in which no crystallographic 
axis is the same length as any other. They are often 
prismatic with clearly visible grooves (striations) 
along their surface, and frequently needle-shaped 
(acicular) in form. The crystals have a vitreous 
(glassy) lustre and are transparent to translucent. 
When broken, they display perfect cleavage and an 
uneven fracture. Other specimens may be granular, 
fibrous or massive. 

Clinozoisite weighs between 3.21 and 3.38 times 
more than the equivalent volume of water at room 
temperature. It is a hard mineral, registering 6% on 
the Mohs Scale of hardness. 


4 Clinozoisite from Austria. This specimen was found 
in calcium-rich (calcareous) sediments that have been 
altered by heat (metamorphosed). 


belong to the monoclinic system of crystal symmetry, 


those of zoisite are classified in the orthorhombic 
system. 


Mineral habit 

Crystals of clinozoisite take the form of elongated 
prisms, the faces of which are often striated (grooved). 
They are frequently very slender and acicular (needle- 
like), and arranged in parallel or radiating groups. 
The mineral is also found as granular masses. 


Tests and treatment 

Clinozoisite will not dissolve (is insoluble) in acids, so 
acid may be used to remove surface impurities without 
damaging the crystals. It fuses (melts) fairly easily, 
forming a white mass. 


A Clinozoisite in association with crystals of quartz 
(Sonora, Mexico). 
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tEudialyte 


Eudialyte is a complex silicate 
that is most commonly 
= found in 
nepheline syenite 
and nepheline 
syenite 
pegmatites. 


udialyte may be pink, red, brownish red 

or yellowish brown. Originally A This specimen of eudialyte is 

discovered in Greenland and from nepheline syenite pegmatite 
confirmed as a distinct mineral in i in the Kipawa River district of 
1819, its name is derived from ae | Quebec (Canada). 
the Greek words eu, meaning * i 
'good' and dialuein, meaning ^ : 
‘to dissolve’ — this refers to x S ag « Ux ii 4 A specimen of eudialyte. 
the fact that it is easily : es bx The light-coloured associated 
soluble in acids. e MEET X, i mineral is quartz (silicon 

The classic source (type E do Mn dioxide). 

locality) of eudialyte is 
an intrusion of nepheline ar source of eudialyte. The main 
syenite at Kangerlussuaq in ais ; minerals in nepheline syenite are 
Greenland. Nepheline syenite is feldspars, micas and amphiboles. It 
an igneous rock of intermediate is named after the feldspathoid mineral 
composition, containing a total silica nepheline, which it contains. There is no 
content of 55-65 per cent, and is the chief quartz in nepheline syenite. 


CHARACTERISTICS 


Eudialyte is a member of the silicate group of 
minerals. Each molecule is composed of four atoms 
of sodium, two atoms of calcium, two atoms of 
cerium, two atoms of iron, one atom of zirconium, 
six atoms of silicon, 17 atoms of oxygen, two 
hydroxyl ions (chemical formula OH) and two atoms 
of chlorine. 

Crystals of eudialyte conform to the trigonal 
system of symmetry. They often occur as prismatic 
or tabular shapes and are translucent with a vitreous 
(glassy) to greasy or dull lustre. When broken, they 
display only an indistinct cleavage and an uneven 
fracture. The mineral may also occur as granular 
masses. 

Eudialyte is moderately hard, registering 5-5% on 

A Numerous small pink crystals of eudialyte set in the Mohs Scale of hardness, and its density is slightly 
syenite rock. This typical specimen was found in above average at 2.74-2.98. 
Ostergotland (Sweden). 


EUDIALYTE 


Group: Silicates 


Crystal system: Trigonal 


Chemical formula: Na,(Ca,Ce, Fe);ZrSi;0;;(OH,CI); 


Hardness: 5-5% 


Density: 2.74—2.98 
Cleavage: Indistinct 


Fracture: Uneven 


Colour: Pink, red, brownish red, yellowish brown 


Streak: Colourless 


Lustre: Vitreous to greasy or dull 
Fluorescence: None 


Complex chemistry 

The make-up of eudialyte is complex. It is a hydrous 
chlorosilicate of sodium, calcium, cerium, iron and 
zirconium. A calcium-rich variety of eudialyte is 
know as eucolite. 


Tests and treatment 
Eudialyte dissolves easily in acids, 
producing a jelly-like residue. 
The scientific name for this 
effect is gelatinisation. 

When placed in an 
open flame, eudialyte 
fuses (melts) to form a 
green glass, and colours 
the flame yellow because 
of the presence of sodium 
in the mineral’s chemical 
composition. 

Surface impurities may 
be removed by cleaning 
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' Most eudialyte is formed in coarse-grained 
intermediate igneous rocks, usually nepheline 
syenites and nepheline syenite pegmatites, which 
have formed by the cooling of magma deep 
underground. 

Eudialyte is found in the following locations: 
Mont St Hilaire and the Kipawa River district, 
Quebec (Canada); Julianehaab and Kangerlussuaq 
(Greenland); Carlingford (Ireland); Madagascar; 
Langesundfjord (Norway); Rischorr, Khibina 
(Russia); Ostergotland (Sweden); and Montana 
and Arkansas (USA). 


with distilled water — ordinary tap water should not 
be used because it contains impurities which may 
damage the crystals. 


A Eudialyte from Villedieu 
Township, Kipawa River, 
Quebec (Canada). 


4 Eudialyte in syenite 
(Ostergotland, Sweden). 
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On the mineral 
trail: Portugal 


The Republic of Portugal E RERE 
occupies a total land area of F 
about 92,400 sq. km at the 

western extremity of the 

Iberian Peninsula in Europe. 


Douro R. 


The country is bordered in 
the north and east by Spain 
and in the south and west by 
the Atlantic Ocean. 


ortugal has a wide range of natural 
Pieire the most important of 

which are copper, tungsten, tin 
and uranium ores. 


The lie of the land 

Portugal is divided roughly in 

half by the Tagus River, which flows Algarve 
southwestwards from the Spanish 

border to the Atlantic Ocean. To the 

north of this river lie the Portuguese 

highlands, the Serra da Estrela, the 

highest point of which is Estrela 

itself (1993m). 

In the northernmost part of the 
country, beyond the Douro River, these 
highlands flatten out into a plateau, 
which is an extension of the Spanish 
Meseta. South of the Tagus River, 
Portugal is mainly rolling, grassy arable 
countryside. Beneath the ground, one 
of Europe's active seismic regions runs 


> A street scene in Lisbon, the 
Portuguese capital. Palm trees thrive in 
Portugal, which is one of the warmest 
countries in Europe. 


Portugal 


On the mineral trail 


» The River Tagus, which flows from east to west 
across the country, joining the Atlantic Ocean just 
beyond Lisbon. 


across the country from Gibraltar in Spain, 
through Lisbon, to the Portuguese Azores. One 
of Europe' worst earthquakes occurred along this 
ridge in 1755, destroying Lisbon and killing 
more than 60,000 people. 


Mineral wealth 
Tungsten is one of Portugal's most profitable 
mineral resources and is mined at Panasqueira 
near Castelo Branco. During the 1990s, this 
mine was producing about 1800 tonnes of 
tungsten metal a year, but this output was much 
reduced after 2000 due to labour problems. 

The country's main source of copper is at 
the Neves Corvo copper and tin mine, near Beja 
in the south of the country. In 2004 copper 
production was 90,000 tonnes, while production 
of tin was about 1,000 tonnes. Uranium oxide is 
extracted at the Bica Mine near Guarda and the 
Quinta do Bispo Mine near Viseu. 

The country has many other natural 
resources, including iron ore, copper pyrites, 


rock salt, anthracite and lignite. 


A Salt piles on the 
rectangular salt beds 

at Olhào. The ancient 
practice of harvesting salt 
by hand was revived here 
in 1997. 


» The abandoned 
Borralha Mine near 
Montalegre. This was once 
a thriving tungsten mine, 
but was closed in 1986. 


Caves 


A cave is a naturally formed hollow in rock. It may have a small entrance, 
hardly large enough for someone to get through, or it may have a wide 
opening. Either may lead into a vast cathedral-like space with further tunnels 
leading to other caves, or simply to a small hollowed-out space. 


any caves exist around sea coasts. These 
M have been formed by marine erosion 

acting mainly on weaknesses in the rocks 
of the cliffs. Sedimentary rocks have bedding planes 
(strata) which, especially when inclined at a high 
angle, are easily enlarged by the sea. Waves breaking 
against the coast can build up substantial pressure 
along weakness in the cliff face. Sediment ranging in 
size from sand to boulders can be hurled by waves 
and will erode by abrasive force. 


Erosion of joints and faults 

The sea will also erode joints (cracks without any 
displacement) and faults (cracks with displacement 
of rocks on each side). As rock is removed, an 
opening is gradually created at sea level. This leads 
to the instability of rock higher up the cliff and rock 


CR 


falls enlarge the opening created. The sea then invades 
the opening and erodes the cave back into the cliff. 
Ground water from above the cave seeps into the cave 
roof and, if this water freezes in rock joints, these are 
widened and weathered, further enlarging the cave. 


Limestone caves 

Limestone is weathered chemically by acidic rain water 
and ground water. It is a rock which often has systems 
of joints and bedding planes. The effect of acidic water 
on limestone is to convert the calcium carbonate, of 
which the rock is largely made, into calcium 


v The blue caves on Zakynthos island (Greece), which 
have been formed by marine erosion. The caves take 
their name from the blue hues cast on the white rocks 
by reflections from the deep azure colour of the sea. 
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Caves 


bicarbonate. This chemical compound is soluble in 
water and therefore removed. Acidic water (rain is 
naturally very weak carbonic acid) easily enters 
limestone via the bedding planes and joints, and 
gradually enlarges them by chemical weathering. As 
underground channels develop, so they are further 
enlarged by the erosion of running water. 

Cave systems formed in this way are often very 
extensive with passages leading for many miles. 
Limestone caves may be adorned with calcite pillars; 
slender stalactites hanging from the cave roof and 
stumpy stalagmites built up on the cave floor eventually 
join to form columns. As cave systems are extended, 
roof collapse may occur to make them even bigger. 


Lava caves 

In many areas of volcanic activity, such as Iceland, there 
are extensive lava tubes and caves within lava flows. 
Lava may flow beneath an already solidified surface and 


ow, 


4 The entrance to Smoo 

Cave in Scotland. This is a 

limestone cave containing o 
an extensive network of 
underground passages 

and streams. 


v The inside of a marine 
grotto, with impressive 
stalactites. 


this creates a lava tube in the cooled lava. Such 
underground flows may continue for a considerable 
distance, creating a sinuous lava cave or tunnel. In 
Iceland the largest caves are 4000 metres long. 


A A large underground cavern, with massive columns, in a limestone cave system in Romania. 
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TMINERALS PLUS. 


Pure creamy white marble is 
the material used to make 
w= some of the world's finest 
sculptures and statues. 


ost forms of marble contain accessory 
minerals which colour them partly black, 
green, pink, red or sometimes yellow. The 


finest statuary marble, however, is pure white because 
it is composed almost exclusively of calcite. 


Metamorphic processes 
Marble is made of tightly interlocking crystals 
of calcite (calcium carbonate) resulting from the 
metamorphism of the sedimentary rock limestone. 
Although the calcite of the original limestone remains, 
any structures — such as bedding — and any fossils are 
lost during metamorphism. 

Pure white marble with a uniform grain size 
commands the highest prices — partly because it is very 


> The statue of David by Michelangelo in the Accademia 
Gallery in Florence (Italy). The statue stands over five 
metres high, and was carved out of an enormous block 
of Carrara marble. The work took three years and was 
completed in 1504. 


The one essential component of all statuary 
marble is calcite, and the finest pure white marbles 
are made up exclusively of this calcium carbonate 
mineral. 

In addition, much statuary marble contains 
small quantities of accessory minerals, especially 
transparent quartz (silicon dioxide). When they occur 
in sufficient quantities, other accessory minerals may 
give the marble attractive veins of various colours. 
Common examples include: blue and green brucite, 
blue diopside and green olivine. 
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A This monument to the god Dionysus in Delos (Greece) 
was carved out of statuary marble about 300 BC. 


A A pile of Carrara marble 
in a quarry in Tuscany 
(Italy). Pure white Carrara 
marble is the finest 
marble for statuary work, 
valued by sculptors the 
world over. 


> Marble Arch in London 
(England) is built of 
Carrara marble. It was 
designed by the architect 
John Nash (1752-1835) and 
erected in its present 
position in 1851. 


rare. However, sculptors may also exploit the interplay 
of colours in some of the finest veined marbles. 


Carrara marble 

Since ancient times, the most beautiful statuary marble 
has been quarried on the outskirts of Carrara, a town 
in Tuscany (Italy). Carrara marble — which is generally 
purer than any other form of this metamorphic rock — 
has long been the favourite material of many of the 
world’s greatest sculptors. 


STATUARY MARBLE 


Type: Metamorphic rock 


Essential component: Calcite 
Colour: White 
Texture: Equigranular 


Grain size: Fine to coarse 
Density: 2.7 


ORIGINS and DISTRIBUTION & 


- Statuary marble is formed through the 
metamorphism of pure limestone. 
Marble can be the result of either contact or 
regional metamorphism of the sedimentary rock 
limestone. Contact metamorphism occurs when the 
heat from magma or lava causes the recrystallisation 
of limestone. In regional metamorphism, the high 
temperatures and pressures associated with burial 
and mountain forming alter the original limestone. 
The world's principal source of statuary marble is 
at Carrara (Italy). Fine marble in Attica (Greece) has 
been quarried since ancient times. In the USA, 
recently discovered masses of white marble are 
quarried in Alabama, Colorado and Georgia. 


The Renaissance Italian sculptor and painter 
Michelangelo (1475-1564) often worked with Carrara 
marble, his famous statue of David being one of many 
pieces he created from this rock. Carrara marble was 
also quarried extensively by the ancient Romans for 
use in statuary, monuments and important buildings. 

In later times it has been exported worldwide: 
Marble Arch in London (England) and the statue of 
Robert Burns in Dumfries (Scotland) are both made 
of this fine marble. 


Allophane is classed 
as a clay mineral. 
Unlike the vast 
majority of minerals, it does — 


not occur as crystals. A T | 


llophane is usually £ 
white but may be i 
brownish, bluish, y 
greenish or yellowish. It 1 
forms as noncrystalline 
masses, knobbly crusts and 
powdery coatings. 

Allophane is a hydrated silicate 
of aluminium, with variable 
amounts of attached water of 
crystallisation. Its closest relatives are 
other clay minerals, particularly kaolinite (hydrous 
aluminium silicate). 

First discovered in 1803 in marl (a calcareous clay) 
at Grafenthal, Thuringia (Germany), allophane was 
described and named by the German chemist 
Friedrich Stromeyer in 1816. 


" 


A Allophane from the Hawkswood Mine, Cornwall (England). This specimen 


is an aggregate of small rounded structures. 


Í MINERALS 


A Allophane from New Mexico (USA). This greenish blue 
specimen has formed small rounded masses on a base 
(matrix) of rock. 


Allophane is formed principally in cavities and 
fissures in ore veins and also in some coal deposits. 

Allophane has been found in the following 
locations worldwide: Minas Gerais (Brazil); Truro in 
Cornwall, Bridestone in Devon and Charlton in Kent 
(England); the Harz Mountains (Germany); Sardinia 
(Italy); Japan; and Arizona, California, Colorado, 
Massachusetts, Nevada, New Mexico, Pennsylvania 
and Utah (USA). 


ALLOPHANE 


Group: Silicates 

Crystal system: None 
Chemical formula: Al,Si0;.nH,0 
Hardness: 2-3 

Density: 2.72-2.78 

Cleavage: None 

Fracture: Conchoidal 


Colour: White, bluish, greenish, 
brownish, yellowish 


Streak: Colourless 
Lustre: Waxy or dull 
Fluorescence: None 


~ MINERALS 


Widespread mineral 


CHARACTERISTICS 


Allophane is a member of the silicate group of 
minerals. Each molecule is composed of two atoms 
of aluminium, one atom of silicon and five atoms of 
oxygen, together with an indefinite number of 
attached molecules of water of crystallisation. 

Allophane does not form in identifiable crystal 
shapes, but occurs in massive habit (of no particular 
shape) as crusts, stalactitic specimens or powdery 
coatings. 

When broken, allophane displays no cleavage but 
a conchoidal fracture. It is very brittle. 

Allophane is transparent to opaque, and has a 
waxy or dull lustre. Registering only 2-3 on the Mohs 
Scale of hardness, it is a very soft mineral, while its 
density of 2.72-2.78 is slightly above average. 


A Allophane on limonitic 
rock from Truro, Cornwall 
(England). 


> Cyclic layers of light- 
coloured sandstone, shale 
and dark coal (Scotland). 
Some coal contains small 
amounts of allophane. 


v Pale yellowish green 
allophane forming a 
surface coating on rock. 
This specimen was found 
in a disused copper mine 
outside Truro, Cornwall 
(England). 


Amorphous mineral 
Allophane conforms to none of the 
seven systems of crystal symmetry, 
and is said to be amorphous. It takes 
the form of crusts with knobbly 
surfaces or powdery coatings. 

It is a secondary mineral, formed 
by the alteration of primary minerals 
such as feldspars, and is often found | 
as crusts lining cavities in copper and 
iron mines. At Charlton in Kent 
(England) allophane occurs in | 
fissures in chalk pits. 


Tests and treatment 

Allophane is soluble in dilute acids. 

When heated in an open flame, it 

loses its colour and turns to powder. 
Specimens of allophane should be 

cleaned with distilled water only. | 


Duftite is a common 
arsenate mineral 
that occurs as tiny 
crystals or as crusts. 


uftite is apple green, olive 

green or greyish green in 

colour. It was confirmed 
as a distinct mineral in 1920 and 
named after G. Duft, Director of 
Mines at Tsumeb (Namibia). 

Duftite is a hydrous arsenate of 

copper and lead. A closely related 
mineral is conichalcite, a hydrous 
arsenate of copper and calcium 


with the chemical formula CuCa(AsO4)(OH). 


Similar minerals 

These two minerals are often found together, but 
although their chemical composition is similar, there 
are a number of physical differences between them. 
Whereas duftite is apple green, olive green or greyish 
green, conichalcite is yellowish green to emerald 
green. Duftite is a softer mineral, registering just 

3 on the Mohs Scale of hardness, while conichalcite 
scores 44. Because duftite contains lead, it has a high 


FACT FILE 


DUFTITE 


Group: Arsenates 


Crystal system: Orthorhombic 


Chemical formula: CuPb(As0;)(OH) 


Hardness: 3 


Density: 6.4 


Cleavage: Not determined 


Fracture: Uneven 


Colour: Apple green, olive green, greyish green 


Streak: Pale greyish green 


Lustre: Vitreous to dull 


Fluorescence: None 


A A crust of greyish green 
duftite on a base (matrix) 
of rock. This specimen 
came from Brandy Gill 
Mine, Cumbria (England). 


4 Microcrystals of olive 
green duftite on the 
surface of a mass of 
brown stained calcite 
(calcium carbonate). This 
specimen was found in a | 
lead mine in South Africa. 


| 
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Widespread mineral 


minerals. Each molecule is composed of one atom of 
copper, one atom of lead, one atom of arsenic, four 
atoms of oxygen and one hydroxyl ion (chemical 
formula OH). 

Crystals of duftite conform to the orthorhombic 
system of crystal symmetry, in which the three 
crystallographic axes are unequal but are all at right 
angles to each other. The crystals are tiny, but rare: 
most specimens take the form of crusts. 

Duftite is a soft mineral, registering only 3 on the 
Mohs Scale of hardness, but it has a high density of 
6.4, as a result of the presence of lead in its chemical 
composition. 
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 —buftite is formed through the alteration of lead 
and copper minerals, and is therefore classified as 
a secondary mineral. It may be found in association 
with one or more of the following minerals: azurite 
(hydrous copper carbonate); calcite (calcium 
carbonate); cerussite (lead carbonate); linarite 
(hydrous lead and copper sulphate); malachite 
(hydrous copper carbonate); mimetite and 
pyromorphite (lead arsenate chlorides); stolzite 
(lead tungstate); and wulfenite (lead molybdate). 

The classic source (type locality) of duftite is at 

Tsumeb (Namibia). Elsewhere, there are significant 
deposits of this mineral in the following locations 
worldwide: Northern Territory, South Australia and 
Western Australia (Australia); Brandy Gill, Driggith 
and Old Potts Gill mines in Caldbeck Fells, Cumbria 
(England); Cap Garonne (France); Seh Changi Mine 
(Iran); the Miyazaki Prefecture (Japan); and Maricopa 
County, Arizona, and La Plata County, Colorado (USA). 


4 Duftite often occurs in association with blue azurite 
and green malachite (two hydrous copper carbonate 
minerals) seen here on a base (matrix) of rock rich in 
limonite (iron oxide). 


density of 6.4, while the density of conichalcite 
is only 4.33. 

More closely related to duftite is bayldonite, 
another hydrous arsenate of lead and copper. The 
main differences between these minerals are: crystals 
of bayldonite conform to the monoclinic system of 
symmetry, while those of duftite are classified in the 
orthorhombic system. With a score of 44 on the Mohs 
Scale, bayldonite is harder than duftite. However, 
bayldonite is not as dense as duftite — the density of 
duftite is 6.4, whereas that of bayldonite is 5.5. 


4 Brownish wulfenite, 
which is often associated 
with duftite. 


Gadolinite is a silicate 
mineral often found in 
syenite rocks. 
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adolinite may be black, greenish black, 

brown or green. It was confirmed as a 

distinct mineral in 1800 and named 
after Johan Gadolin (1760—1852), the Finnish 
mineralogist who originally identified it. 

Gadolinite is a rare but widely distributed 

mineral. In addition to iron, silicon and oxygen, it 
contains the rare elements beryllium and yttrium. 
Some of the yttrium may be replaced by cerium, 
lanthanum and neodymium. 


A A specimen of 
gadolinite, showing 
its vitreous lustre. 


<A typically dark, 
greasy-looking specimen 
of gadolinite in syenite. 
This compact aggregate 
was found in Llano 
County, Texas (USA), 
whch is one of the 
world's most important 
sources of yttrium. 
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"'Gadolinite forms mainly in coarse-grained 
intermediate igneous rocks, especially syenites. It 
may also occur in acid igneous rocks such as granites 
and pegmatites formed at great depth in the Earth's 
crust by the slow cooling of intruded magma. The 
mineral has also been found in schists and other 
products of regional metamorphism. 

Gadolinite has been found in the following 
locations worldwide: Australia; Greenland; Novara 
and Varese (Italy); Japan; Hittero, Hundholmen and 
Skien (Norway); Russia; Ross and Cromarty (Scotland); 

4 Gadolinite often Finbo and Ytterby (Sweden); Switzerland; and Arizona, 

occurs in syenite rock Colorado and Texas (USA). 

such as this (Scotland). 


Two varieties 

Gadolinite containing these extra elements is called j 

gadolinite-(Ce), while the more usual form, lacking Gadolinite is a member of the silicate group of 

them, is know as gadolinite-(Y). Cerium, lanthanum minerals. Each molecule contains two atoms of 

and neodymium are weakly radioactive metals classed yttrium, one atom of iron, two atoms of beryllium, 

as lanthanides (formerly called rare earth elements). two atoms of silicon and 10 atoms of oxygen. In some 
Gadolinite gives its name to the gadolinite group of specimens, the yttrium may be partially replaced by 

minerals, which comprises a small number of silicates, the metals cerium, lanthanum or neodymium. 

most of which are rare and all of which have crystals Crystals of gadolinite conform to the monoclinic 

classified in the monoclinic system of symmetry. The system of symmetry, in which no crystallographic 

best known member of the group, apart from axis is the same length as any other. Crystals are 

gadolinite, is datolite. prismatic but rare - the mineral usually occurs as 

noncrystalline specimens. 

Tests and treatment Unlike most minerals, gadolinite exhibits no 

Gadolinite dissolves in acids leaving a gelatinous cleavage when broken, but has a conchoidal fracture, 

residue. Although gadolinite does not melt (is and is brittle. It is a hard mineral, registering 64-7 on 

infusible), it will become flaky and turn brown when the Mohs Scale of hardness, and its density of 

held in an open flame. Specimens should be cleaned 4.0-4.65 is above average. 

with dilute acid. 


Widespread mineral 


4 Gadolinite in syenitic 
igneous rock. 


> Syenite from yttrium mines at Hundholmen (Norway). 
Igneous rocks of this type are among the prime sources 
of gadolinite. 
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GADOLINITE 


Group: Silicates 


Crystal system: Monoclinic 


Chemical formula: Y;FeBe;Si;0;; 
Hardness: 6-7 

Density: 4.0—4.65 

Cleavage: None 


Fracture: Conchoidal 


Colour: Black, greenish black, brown, green 


Streak: Greenish grey 


Lustre: Vitreous to greasy NI Gadolinite is weakly radioactive 
Fluorescence: None and should not be handled too frequently. 


On the mineral 
trail: Uganda 


Uganda is a 
landlocked republic 
on the Equator in 
Central Africa. 


GEOGRAPHICAL AREAS OF UGANDA 
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With a total area 

of 241,000 sq. km, 

it is roughly the 

same size as Great 

Britain and Ireland 

combined. It is 

bordered in the 

north by Sudan, in 

the east by Kenya, 

in the south by 

Tanzania and 

Rwanda, and in the west by the 
Democratic Republic of the Congo. 


ganda is predominantly an agricultural 
| | society, and its main export is coffee. Its 

substantial natural resources include 
copper, cobalt, iron ore and apatite, together with 
recently discovered reserves of oil and natural gas. 
Until the mid 1990s civil unrest made it difficult to 
exploit these resources, but since the beginning of 
the 21st century great efforts have been made to 
stabilise the economy and by 2010 copper was a 
significant export. Industrial production includes 
sugar, tobacco, cotton textiles and cement. 


The lie of the land 

Most of Uganda lies on a great plateau that rises 
gently from about 1000m above sea level in the 
south to 1500m in the north. 
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A A plantation worker harvesting coffee, Uganda's most 
important export. The image is taken from a Ugandan 
banknote of the 1980s. 
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Uganda is bounded in the west by two mountain 
chains, the Ruwenzori and Virunga ranges, which run 
alongside the Western Rift Valley. The highest point in 
the country is Margherita Peak, which rises to 5119m, 
in the Ruwenzori Mountains. Also along the border 
with the Democratic Republic of the Congo are three 
large lakes named Albert, Edward and George. Lake 
Albert is the source of the Albert Nile River. 


4 The Murchison Falls in 
the National Park north 
of Masindi. 


4 Y Uganda remains 

a predominantly 
agricultural country, and 
many of its citizens live 
in rural villages like this. 


v Elephants crossing a 
dirt track in one of 
Uganda's national parks. 


Along the Sudanese border to the north, Uganda 
is rimmed by the Imatong Mountains, which have 
an average elevation of about 1800m. The eastern 
edge of the Ugandan plateau features a string of 
volcanic mountains, including Mounts Morungole 
(2749m), Moroto (3083m) and Elgon (4321m). 

The southeast corner of the country is bounded 
by Lake Victoria, which fills an extension of the 


Rift Valley. 


Mineral wealth 

Uganda contains large quantities of iron, although 
deposits of the ore are still not fully exploited. 
The richest veins are in the Kigezi District in the 
southwest. Today, the most important metal is 
copper, which has been mined extensively at 
Kilembe. At Tororo, there are large deposits of 
apatite, a phosphate used to make fertilisers, 
together with small amounts of beryl, tin ore and 
tungsten ore. 


Tors 


A tor is a residual weathered mass of rock which usually - but not always - 
stands on the top of a hill. Although tors are found in several parts of the world, 
they are particularly associated with southwest England. Here most tors 
are composed of granite, but other rocks such as some sandstones, which are 
characterised by horizontal bedding and vertical jointing, may also form tors. 


ost of the tors in southwest England are 
M found in the granite masses of Cornwall 

and Devon. The rocks that comprise them 
generally occur in one of two forms. If the joint 
system in the underlying igneous bedrock is 
predominantly horizontal, the tor will have the 
appearance of a pile of rock slabs. If the bedrock 
joints are mainly vertical, the tor will resemble a 
series of slabs standing on end. 

Tors are formed originally when less resistant 

components of the rock are worn away, leaving 
behind more durable material as exposed masses. 


Denudation 

This effect, which is known scientifically as 
differential denudation, is caused in various ways. 
Rocks that are already exposed on the surface of the 
Earth may be affected by extremes of cold and heat 
(freeze-thaw weathering); underground rocks may be 
turned into tors by chemical weathering caused by 
the action of acidic groundwater. Such features are 
subsequently revealed by erosion and weathering of 
the overlying material. 


A The western face of 
Hay Tor on Dartmoor, 
Devon (England). 


< A coastal tor on the cliff 
tops near Land's End, 
Cornwall (England). 
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Tors often occur as residual rock structures at the 
summit of isolated mounds of granite. Their squared 
joint blocks may be weathered into rounded shapes. 


Tors 


Weathering of tors 

Once formed, tors stand on high ground, where they 
are constantly exposed to the action of ice, rain and 
wind. This weathering takes place most actively along 
the joint planes, and can reduce an originally solid 
mass first to piles of slabs and ultimately to a heap of 
loose boulders. 


> Higger Tor in the Peak District National Park, 
Derbyshire (England). 


4 Carbilly Tor on Bodmin Moor, Cornwall (England), 
consists of huge slabs of granite piled one on top 
of another. 


A Tors are particularly associated with southwest England, but they are also found elsewhere. This is the sandstone 
summit of Cul Mor in Sutherland (Scotland). 
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